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ExamIT, D

SIMULATOR THERMOMETER CERTIFICATION

I, Barry K. Logan, centify under penalty of perjury under the laws of the State of Washington that
the following is true and correct:

[ am the State Toxicologist authorized undcr RCW 46.61 306 to approve. mcthods for breath
alcohol testing within the State of Washmcton

The mercury-in-glass thermometer with a scale graduated in tenths of 2 degree measuring a
range between 33.5 to 34.5 degrees centigrade, as approved in WAC 448-13-020. is the only

thermometer emploved within simulator devices attached 10 BAC DamaMasters.

EXECUTED this 10" davof June . 2004, ar Seantle. Washingron.

o).

Dr. ¢ K. Lagan. State Toxicologist
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EXHIBIT 4

NIST TRACEABILITY DECLARATION

I, Barry K. Logan, declare under penaity of perjury under the laws of the State of Washington
that the following is true and correct:

I am the State Toxicologist authoﬁz'eci'-}mder RCW 46.61.506 to approve methods for breath
alcohol testing within the State of Washington.

As early as March 19, 2003, and in no case later than December 12th, 2003, the simulator ,
solution thermometers used in DataMaster instruments for breath testing in the State of
Washington have been tested and ceftified against thermometers traceable to standards
maintained by NIST. The uncertainties have been measured and recorded at each level. They are
in compliance with the requirements of NIST traceability. The documents used by the
Washington State Patrol to support NIST traceability are public record and may be found at
www.breathtest. wsp.wa.gov or at the Washington State Patrol Breath Test Section, 811 E.
Roanoke, Seattle, Washington. Additional information can be obtained at (206) 720-3018.

P~ .

-

Dr. Barry J¢ Logan, State Toxicologist

Dated: Jold 1 ¥ 2004

Location: Seattle WA {city and state)

To drivers and attomeys: This exhibit will be used for your upcoming DOL hearing, as noted on
the enclosed scheduling letter.
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EXHIBIT 3

SIMULATOR SOLUTION THERMOMETER ANNUAL CERTIFICATION

AND NIST TRACEABILITY DECLARATION

1, Barry K. Logan, declare under penalty of perjury under the laws of the State of Washﬂ)gtcfn

that the following is true and correct:

I am the State Toxicologist authorized under RCW 46.61.506 to approve methods for breath

alcohol testing within the State of Washington.

All simulator solution thermometers used in the Datamaster instruments have been certified on

an annual basis to have an accurecy of within plus or minus 0.1 degrees centigrade. By
December 12, 2003, the simulator solution thermometers used in all DataMaster ins
breath testing in the State of Washington had been tested and certified against thermom
traceable to standards maintained by NIST. The uncertainties have been measured and
at each level. They are in compliance with the requirements of NIST traceability The

and may be found at www.breathtest.wsp.wa.gov or at the Washington State Patrol Br
Section, 811 E. Roanoke, Seattle, Washington. Additional information can be obtained

720-3018.
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Location:__Seattle, WA (city and|state)
To drivers and attorneys: This exhibit will be used for your upcoming DOL hearing, as hoted on

the enclosed scheduling letter.
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ICL CALIBRATION LABORATORIES, INC.

CEAT 8 52001
ISO/IEC 17025 and ANSUNCSL Z540-1 accradited , 1501 Decker Avenue Sults 118 Staar, FL 34984 USA
Jhe specialists in ASTM and laboratory thermometers & hydrometers Fax: mT ;'88722732;’5 710 1-000-7134;"7
Members: ASTM NCBL ASQ NCWM i E“'ﬂt m’“’wm

mmmmmcmdmﬂmm! Fiak altoe: ¢ PR Tot 707 00 vade
REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION La BORATORY

USIMG THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERA TURE EQUIPMENT A VAILABLE, AGAINST NIST

CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL’S ISOAEC 17025 CALIBRA TION PROCEDURE

REFERENCED BELOW. TMIS CALIBRATION MEETS THE REQUIREMENTS OF ISCREC 17025, ANSI/NCSL Z540-7-1994, MIL-STD 456624,

THE 1503000, AND THE Q59000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMA TION:

WASHINGTON STATE PATROL

811 EAST ROANOKE

SEATTLE, WA 98102

PURCHASE ORDER NUMBER:

SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CALIBRA ﬁON.' 01-21-2004

INSTRUMENT DESCRIPTION: '

Serial No: 091800 !mcmtmn GUTH LABS INC.  Dato raport issued: 01-22-200¢ Scale: Celsius {Centigrads)

DIGITAL THERMOMETER  Scal range: 29.5/38.5C  Scals divisiona: .01 °C  Immersion: PROBE

MODEL NO: 4300 TOLERANGE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APFEARED THAT ALL SYSTEMS WERE FUNCTIONAL.

NOTE: Battsry chocked prior to colibration and is in setisfactory stwte of cherge.

CALIBRATION PROCEDURE USED: icL Procedure 04, which is drawn from ASTM £-77, E-220 and E-663

RESULYS OF CALIBRATION: :

TEST TEMPERATURE "AS FDUND' READING "AS LEFT" READING - CORRECTION EXPANDED UNCERTAINTY (K =2

33.00°c . 33.01°C ‘ 33.¢1l°C =0.01°¢C 6.022°¢C
34.00°C 34.01°C 34.01°C -0.01°C 0.023°C
as.oo°C 35.0l1°C 35.01°C

-0.01°C 0.023°C -

e

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 1o oC, +/- D.019C; &t OC, +/ 0.006C: at .,
0.01C [TPW), +/-0.003C: from 0.01 to 105C, +/-0.020C: from 105 to 200C, +/--0.030C: from 200 to 300C, +/- 0.D49C; from 300 to 410C..
+/-0.056C; from 410 to 1000C, +/ 1.2C. YHESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIEING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT 2-540-2 ENTITLED 'GUIDE TO THE EXPRESSION OF

UNGERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE ‘GUM". A COVERAGE FACTOR OF 2 SIGMA {K=2) HAS BEEN

APPLIED TO THE i{ANDARD UNCERTAINTY IN ORDER TQ EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS’ TABLE MAY BE LARGER THAN DUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.07°C, HAS BEEN FACTORED INTC THE CALCULA TION.

THE EXPANDED UNCERTAINTIES (K =2} REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORA TORY, i2) DRIFT OF THE
INSTRUMENT, (3] HYSTERESIS OF THE INSTRUMENT, OR (&) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C 4/ 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN N THIS-REPORT ARE THOSE DEFINED BY THE INFERNATIONAL TEMPERATURE SCALE OF 1890 ITS-90)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS S DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE O CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL DR FAJLURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC. ‘
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE DBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH

Page v of 2
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ARE BEYOND OUR CONTROL.
THIS CALIBRATION WAS FERFORMED BY: J. JEFF KELLY

THE CAUBRATION PERFORMED AND DOCUMENTED BY 1HIS REPORT OF TEST [5 A LIMITED CALIBRATION AND
ACCORDINGLY, UMITATIONS OF USE ARE MIFOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILUTY INFORMATION
The NIST primary reference standard(s/, iransfar standardis) and, {if spplicable], comparatoris) usad in this test are listed belfow:
TEMP: 33.00°C Rufsrence: NIST SPRT S/N 0189, Transfer standerds: 537360 & 576776 Comparator: PolySciance water MMTE—OS
TEMP: 34.00°C Reference: NIST SFRT 5/N 0159, Transfer standards: 537360 & §76776 Comparator; PolyScience watar bath MTEOS
" TEMP; 35.00°C Raferonce: NIST SPRT S/N 01583, Transfer stondards: 537360 & 576776 Comperator: PolyScience water bath MTE-06
THE MIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A MART SCIENTIFIC MODEL 5689 25.5 OHM SPRT, CALIBRATED
"BY NIST IN OCTOBER, 2003, NIST GMP-11 SPECIFIES A THREE YEAR CALISRATION INTERVAL FOR SPRTs. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JAMJARY OF 2004, AND ARE ON A SIX MONTH CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES [K=2) PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -185.6 10 0.01C: +/ 0.000715C:
D.O1C +/.00002C; >0 0 231.928C: ++ 0.00024C >231.928C to 419,627C: +/- 0.000471C.

ICL CALIBRATION LABORATORIES, INC.

An 150/EC rmn%z«oimm-mmmmmmwmimn

J. JEFF KELLY/ NICAL DiA A}
DEBORAH 4 WEBER, A.S.C.P. cmmmso TECHNOLOGIST 2ron?
BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN

DATE REPORT ISSUED: 01.22-2004 RECOMMENDED RECALIBRATION DATE: Jonuery 22, 2005

NIST GMP-11 [Mer "03), ‘Good Msasurement Practics for Assignment and Adjustment of Cellbretion intervals for Siandards” states thet,
“Tempersture standsrds are dynsmic with use. Shock, conternination and other fectors cen cause diift from sccepted values’,

Tobis 4 of GMP-11 recommendsz recallbration of liquid-in-glass thermometars, standard thermistors and PRTs at 12 month imtervais.
Liguli-in-giass tharmometers used for ‘Tamperature Critical Psrameters’ should be recalibreted st 6 month intervels.

NIST GMP-117 I3 avallable in Adabe .pdf farmat on our wahaite st www.icllaba.com Follow the link for ‘Downiosds’.

The API ‘Manusl of Petroleum Measurement Standards’, Chapter 7, Jume, 2001, spocifias & 12manﬁmcnﬂbmﬁmbtsrwlfar
glase thermometers (see P. 8.3) and for portebis elevtronic thermemaress (ses P.8.2).

The user should be eware that sny number of factors mey couse this lnsrrummr to drffroutofca!ﬁbraﬂm before the specifisd calibration
interval has oxpired. .

Thiz Report of Tast may nat be reproduced axcept i full without the express wiitien permiasion of ICL Calibration Labarstories, inc.
This report applies only 1o the Hem calibrated. ,
SERIAL NUMBER: 091800 REPORT NUMBER: MA119813  PAGE2 OF 2
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“‘ National Institute of Standards and Technology
,,‘muj Gaithersburg, Maryland 20899-

REPORT OF CALIBRATION
. International Temperature Scale of 1990

Standard Platinum Resistance Thermometer
Hart Scientific Model 5699
Serial Number 0159

Submitted by:
ICL Calibration Laboratories, Inc.
Stuart, FL. 34994

- This standard op}atinum resistance thermometer (SPRT) was calibrated with an AC bridge operating at a
- frequency of 30 Hz and with continuous measuring curreats of 1.0 mA and 1.414 mA. In accordance with the
International Temperature Scale of 1990 (ITS-90) that was officially adopted by the Comite” International des
Poids et Mesures (CIFM) in September 1989, the subranges from 83.8058 K to 273.16 K and 273.15 K to
692.677 K, with the following fixed points and their stated expanded uncertainties (k = 2), were used to calibrate
the thermometer. For a description of the uncertainties, see NISTIR 5319,.16 pp., (1994), entitled "Assessment
of Uncertainties of Calibration of Resistance Thermometers at the National Institute of Standards and
Technology.”

Fixed Point Temperature Expanded Uncertainty
where k=2
T, ®  t, (0 (mK)
Ar TP 83.8058 -189.3442 0.08
Hg TP 2343156  -38.8344 0.15
H,0 TP 273.16 0.01 0.02
Sn FP 505.078 231.928 0.24
Zn FP 692,677 419.527 0.41

- The following values were determined for the coefficients of the pertinent deviation functions of the ITS-90, as
given in the attached material describing the scale. The attached tables were generated using these values.

Coefficients for Zero-Power Dissipation Calibration Coefficients for 1 mA Calibration
4= -8.1949689E-05 8= —1.0087772E-04 ay= -8.4240654E-05 ag= -10147545E-04
bs= —1.6559779E-06 by= —7.2796096E-06 - b,= -2.3376083E-06 bg = —7.7646210E—06

The resistance of this thermormeter at 273.16 K was calculated to be 25.4670 O at zero-power dissipation and
25.4670 Q2 at 1 mA. During calibration, the resistance at 273.16 K changed by the equivalent of 0.3 mK at zero-
power dissipation and 0.3 mK at 1 mA. '

This thermometer is satisfactory as a definiﬁg instrument of the ITS-90 in accordance with the criteria that
W(3029146 K)21.118 07 or W(234.3156 K) < 0.844 235, -

For the Director,
National Institute of Standards and Technology

Lo

Leader, Thermometry Group
Process Measurements Division

October 7, 2003
Test No.: 836/269257-03
Purchase Order No.: 68157

UNITED STATES DEPARTMENT OF COMMERCE

NST



ICL CALIBRATION LABORATORIES, INC.

ISO/IEC 17025 and ANSUNCSL Z540-1 accredited
The specialists in ASTM and faboratory thermometers & hydrometers
Members: ASTM NCSL ASQ NCWM

Sefting new standards in calibration excellence!

CERT. ¥ 52601

1501 Decker Avenue Suite 118 Stuart, FL 34994 USA
Tel: 772 286 7710 1-800-T13-6647
Fax: 772 286 8737 E-mail: jefi@icliabs.com

Internat: www.icllabs.com

Fisld office. Caguas, PR Tel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOME TER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORA TORY

USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE § TANDARDS, IN ACCORDANCE WITH ICL'S ISOAEC 17025 CALIBRATION PROCEDURE
REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/IEC 17025, ANSI/NCSL £540-1-1934, MIL-STD 456624,

THE IS09000, AND THE QS9000 SERIES OF QUALITY STANDARDS.
CUSTOMER INFORMATION:
WASHINGTON STATE PATROL

817 EAST ROANOKE
SEATTLE, WA 88102

ﬂl’/’ﬁﬂ)"l’?’

EXHIBIT NO..2__
9-9. 04
M. Green

PURCHASE ORDER NUMBER:
SUBMITTED BY: WASHINGTON STATE PATROL
INSTRUMENT DESCRIPTION:

DATE RECEIVED FOR CALIBRATION: 02-16-2004

Serial No: 082708  Inscription: GUTH LABS INC. Date report issued: 02-23-2004  Scale: Celsius (Cen tigrade}

DIGITAL THERMOMETER  Scale range: 28.5/38.5C  Scale divisions: .01 °C Immersion: PROBE
MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUEACTURER'S MANUAL
RESULTS OF PHYSICAL EXAMINATION:

)

LML THAGEARLE

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFA CTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.

NOTE: UUT was received with a low battery, A new 9 volt battery was installed prior 1o calibration,

CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE "AS FOUND’ READING "AS LEFT’ READING CORRECTION
33.00°C 33.01°C 33.01°C -0.01°C
34.00°C 34.01°C 34.01°C -0.01¢C
35.00°C 35.01°C 35.01°C -0.01°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

EXPANDED UNCERTAINTY (K =2/

0.023°C
0.023°¢C
0.023°C

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.0719C; &t OC, +/- 0.006C; at
0.01C (TPW), +/-0.003C; from 0.01 1o 105C, +/-0.020C: from 105 1o 200C, +/ 0.030C; from 200 to 300C, +/- 0. 048C; from 300 to 410C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED "GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE '‘GUM", A COVERAGE FACTOR OF 2 SIGMA (K =2 HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TQ EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A $5%

CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.071 °C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K = 2) REPORTED HERE DO NOT CONTAIN ES TIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2) DRIFT OF THE
INSTRUMENT, (3] HYSTERESIS OF THE INSTRUMENT, OF (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATI VE HUMIDITY: BETWEEN 40% AND 60%

ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNA TIONAL TEMPERA TURE SCALE OF 1990 (ITS-90)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS /S DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED 8Y PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WA TER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGL Y, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH

Page 1of 2



ARE BEYOND OUR CONTROL.

THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE JEST POINTS,

TRACEABILITY INFORMA TION

The NIST primary reference Standardys), transfer standard(sj and comparator(s) utilized in the performance of this calibration are listed below:

Our NIS T primary reference thermometer from - 186 to 420C is & MHart Scientific model¥ 5689, 25.5 Ohm SPRT, serial no. 0158,
calibrated by NIST on October 7, 2003. NIST GMP-11 recommends a 36 month calibretion cycle for SPRTs. Transfer standards PRTs
are calibrated against this reference standard semi-annually; ASTM liguid-in-glass transfer standerds are calibrated annusily.

Our primary refsrence tharmometer for temperatures from 420 to 1 000C is a8 Hart Scientific Type ‘S’ thermocouple sensor, serigl
no. 8112, calibrated by Hart Scientific on Janusry 13, 2003, This standard is on a 24 month calibration cycle.

Test Point  Comparator MTE# Manufacturer Transfer Standard  MTE¥  Manufacturer Next Due
33.00°c 7310 Water bath 012 Polyscience 5614 PRT 127 Hart Scientific 07/16/04
34.00°C 7310 Water bath 013 Polyscience 5614 PRT 127 Hart Scientific 07/16/04
35.00°C 7310 Water bath 012 Polyscience 5614 PRT 127 Hart Scientific 07/16/04

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSJ/NC&BAG- 1 accredited isboretory - Amarican Associstion for Ladorstory Accreditation Certificate #528.01

J. JEFF KELLY, ECJ“4”‘CAL DIRECTOR /{
DEBORAH M. \WEBER, A.S.C.P. ACCREDITED TECHNOLOGIST a2

BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN

DATE REPORT ISSUED: 02-23-2004 RECOMMENDED * RECALIBRATION DATE: February 23, 2005

*NIST GMP-11 (Mar '03), ‘Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Standards’ states that,
‘Temperature standards sre dynamic with use. Shock, contamination and other factors can cause drift from accepted vaiues’,

Table 4 of GMP-11 recommends recalibration of tiquid-in-glass thermometers, standard thermistors and PRTs at 12 month intervals.
Liquid-in-glass thermometers used for ‘Temperature Critical Parameters’ should be recalibrated at 6 month intervals. NIST GMP-11 is
available for download in Adobe -pdf format on our website at www.icllabs.com Follow the link for "Downloads’.

*The APl ‘Manual of Petroleum Msasurement Standards’, Chapter 7, June, 2001, spacifies a 12 rﬁonrh recslibration interval for
liquid-in-glass thermometers (see section 8. 3) and for portable electronic thermometers (PETs). See section 8.2

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired,

This Report of Test may not be reproduced except in full without the Bxpress written permission of ICL Calibration Laboratories, Inc.

This report applies only to the item calibrated.

SERIAL NUMBER: 082709 REPORT NUMBER: MB120379 PAGE 2 OF 2




ICL CALIBRATION LABORATORIES, INC.

CERAT B 52601

ISO/IEC 17025 and ANSIYNCSL Z540-1 accredited
The specialists in ASTM and laboratory thermotneters & hydrometers
Members: ASTM NCSL ASQ NCWM

Setting new standards in calibration excelience!

1501 Decker Avenue Suite 118 Stuart, FL 34894 USA
Tek 772286 7710 1-800-T13-6647

Fax: 772 286 8737 E-mail: jeff@icllabs,com

Internet: www.icllabs.com

Field office: Caguss, PR Tel; 787 266 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL’S CALIBRA TION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT A VAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL'S ISO/IEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL Z540-1-1994, MIL-STD 456624,

THE IS08000, AND THE Q88000 SERIES OF QUALITY STANDARDS.,

CUSTOMER INFORMATION:
‘ e e

WASHINGTON STATE PATROL
811 EAST ROANCKE
SEATTLE, WA 88102

EXHIBIT NO.—Z—
P -0
M. Green

PURCHASE ORDER NUMBER:

SUBMITTED BY: WASHINGTON STATE PATROL
INSTRUMENT DESCRIPTION:

Serial No: 0827089
DIGITAL THERMOMETER  Scale range: 29.5/38.5C
MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

DATE RECEIVED FOR CALIBRATION: 07-10-2003

Insgription: GUTH LABS INC.  Date report issued: 07-11-2003  Scale: Celsius {Centigradel

Scale divisions; .01 °C  Immersion: PROBE

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.

CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE '"AS FOUND' READING ‘AS LEFT' READING CORRECTION EXPANDED UNCERTAINTY tK=2/
33.00°C 33.00°C 33.00°C g.00°C 0.023°C
34.00°C 34.00°C 34.00°C 0.00°C 0.023°C
35.00°C 35.00°C 35.00°C 0.00°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.018C: at OC, +/ 0.006C: at
0.01C (TPW,, +/0.003C; from 0.01 to 105C, +/-0.020C: from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- Q.049C; from 300 ta 410C,
+/-0.056C; from 410 to 1000C, +/ 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED 'GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE 'GUM'. A COVERAGE FACTOR OF 2 SIGMA (K =2) HAS BEEN
AFPPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APFROXIMATELY A 95%

CONFIDENCE LEVEL,

THE UNCERTAINTIES PRESENTED ABOVE IN THE "‘RESULTS' TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K= 2} REPO.RTED HERE DO NOT CONTAIN ESTIMATES FOR (1] ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2) DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C + /. 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%

ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (1TS-90)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS 1S DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TQ THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REFPRESENTS THAT THE VALUES INDICATED ABQVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH

ARE BEYOND OUR CONTROL,
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THIS CALIBRATION WAS PERFORMED BY: J. JEFE KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, UMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard|s), transfer standard(s) and, {if applicable), comparafor{s} used in this test are listed below:

TEMP: 33.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 576776 & 537360 Comparator: PolyScience water bath MTE-O6
TEMP: 34.00°C Reference: NIST SPRT 5/N 1085, Transfer standards: 576776 & 537360 Comparator: PolyScience water bath MTE-06
TEMP: 35.00°C Reference: NIST SPRT S/N 1088, Transter standards: 576776 & 537360 Comparator: PolyScience water bath MTE-06

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER (SPRT), CALIBRATED
BY NIST IN AFRIL, 2002. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER § TANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JANUARY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL. LIGUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2002 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL,

THE EXPANDED UNCERTAINTIES (K =2} PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 to <0C: +/- 0, 0023C;
0.01C: +/-.0014C; >0 to 35C: +/ 0.0024C; >95C 10 300C: +/- 0.0048C; >300 to 420C: +/- 0.0075C

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17925 & ANSYNCENZ-540-1 aceredited laboratory - A ican A iation for Laby y Accreditation Certificate #526.01

J. JEFF KELLY/ TECHNICAL orﬁ;’:ron }\/ "

DEBORAH MY WEBER, A.S.C.P, ACCREDITED TECHNOLOGIST oA2A

BRUCE MAFKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN
DATE REFORT ISSUED: 07-11-2003 RECOMMENDED RECALIBRATION DATE: July 11, 2004

NIST GMP-11 (Mar '03), ‘Good Measurement Fractice for Assignment and Adjustment of Calibration Intervals for Standards’ states that,
‘Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from accepted values’,

Table 4 of GMP-11 recommends recalibration of liguid-in-glass thermometers, standard thermistors and PRTs at 12 month intervals.
Liguid-in-glass thermometers used for “Temperature Critical Parameters’ should be recalibrated at 6 month intervals.

NIST GMP-11 is available for viewing in .pdf format on our website at www.icllabs.com Follow the link for ‘How often should | recalibrate...?

The APl "Manual of Petroleum Measurement Standards’, Chapter 7, June, 2001, specifies a 12 month recalibration interval for
glass thermometsrs (see P. 8.3) and for portable electronic thermometers fsee P.8.2).

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Repart of Test may not be reproduced except in full without the express writien permission of ICL Calibration Laboratories, Inc.
This report applies only to the item calibrated.
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ICL CALIBRATION LABORATORIES, INC.

CERT W 526.01

ISO/IEC 17025 and ANSUNCSL Z540-1 accredited 1501 Decker A"e'“‘g IS;{‘,‘; ;gg f_}ug“- FL 3499; USA
T P el: 10 1-800-T13-6647
e specialists “:'r; QbSJSM and !aborNaég:g ﬂ?:sngor:eter:‘ & hydrometers Fax: 772 266 8737 E-mail: jefi@icliate.

Internet: www.icllabs.com

Setting new standards in calibration excellence!
Fioid office: Cagues, PR Tel: 787 206 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INS TRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL ‘S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIS T
CALIBRATED PRIMARY REFERENCE § TANDARDS, IN ACCORDANCE WITH ICL 'S ISOMEC 17026 CALIBRA TION PROCEDURE

REFERENCED BELOW. THIS CALIBRA TION MEETS THE REQUIREMENTS OF ISO/IEC 77025, ANSI/NCSL Z540-7-1 994, MIL-STD 456624,

CUSTOMER INFORMATION:

WASHINGTON STATE PATROL
811 EAST ROANOKE

EXHIBIT NO._5
SEATTLE, WA 981072 . & 0}1—

M. Green

PURCHASE ORDER NUMBER: :
SUBMITTED BY: WASHINGTON STATE FATROL DATE RECEIVED FOR CALIBRATION: 02-1 6-2004
INSTRUMENT DESCRIPTION:

Serial No: 082709  Inscription: GUTH LABS INC. Date report issued: 02-23-2004  Scale: Celsius {Centigrade)

DIGITAL THERMOMETER  Scale range: 28.5/38.5C  Scale divisions: .01 °C Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION: -

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND | T APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.

NOTE: QUT was received with s low battery. A new 9 volt battery was installed prior to calibration.

CALIBRATION PROCEDURE USED: icL Procedure 04, which is drawn from ASTM E-??, £-220 and £-563

RESULTS OF CALIBRATION:

TEST TEM!;‘ERA TURE "AS FOUND' READING ‘AS LEFT' READING CORRECTION EXPANDED UNCERTAINTY (K =2/

33.00°¢C 33.01°¢C 33.01°C -0.01°C 0.023°C
34.00¢°C 34.01¢°¢ 34.01¢°C -0.01°C 0.023°¢C
35.00°C i5.01°C 35.01°¢ ~0.01°C 0.023¢°C

NO ADJUSTMENTS WERE MADE TQ THIS INSTRUMENT,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/-0.019C; 81 0C, +/ 0.006C; at
O.01C (TPW!, +/-0.003C; from 0.07 to 105C, +/+0.020C; from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0. 048C; from 300 to 410C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT 2-540-2 ENTITLED ‘GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMEN T, COMMONLY REFERRED TO AS THE ‘GUM". A COVERAGE FACTOR OF 2 SIGMA [K=2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL,

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INS TRUMENT, ESTIMATED TO BE  0.01°C, HAS BEEN FA CTORED INTO THE CALCULATION,.

THE EXPANDED UNCERTAINTIES (K =2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR 1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INS TRUMENT BETWEEN ICL AND THE USER’S LABORATORY, (2] DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INS TRUMENT, OR (4] ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.
LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERA TURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 0%

ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERA TURE SCALE OF 1990 (IT5-90}
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ARE BEYOND OUR CON TROL.

THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY ARCUND THE TEST POINTS,

TRACEABILITY INFORMATION

The NIST primary reference standard(s}, transfer standard{s) and comparator(s/ utilized in the performence of this calibration are listeg befow:

Our NIST primary reference thermometer from - 196 to 4200 is & Hart Scientific modeld 5689, 25.5 Ohm SPR
calibrated by NIST on October 7, 2003. NIST GMP-11 recommends a 36 month calibr,
are calibrated sgainst this refersnce Standard semi-annuslly; ASTM liquid-in-glass transfer standards are calibrated annuaslly.

Our primary reference thermometer for temperatures from 420 to 1000C is & Hart Scientific Type 'S’ thermocouple sensor, serigf

4 month calibration ¢ ycle.

TestPoint  Comparator MIE#  Manufacturer Transter Standard  MTEe# Manufacturer Next Due
33.00°C 7310 Water bath 012 Polyscience 5614 PRT 127 Hart Scientific 07/16/04
34.00°C 7310 Water bath 012 Polyscience 5614 PRT 127 Hart Scientific 07/16/04
35.00°C 7310 Water bath 012 Polyscience 5614 PRT 127 Hart Sclentific 07/16/04

ICL CALIBRATION LABORA TORIES, INC,

An ISOAEC 17025 A ANSI/NC.SBdO—! accrodited laboratory - American A iation for Lab ¥ Accraditation Cartificate $526.071

J. JEFF KELLY, E(.H/NICAL DIRECTOR /g

DEBORAH M. WEBER, A.S.C.P. ACCREDITED TECHNOLOGIST aMern,

BRUCE MARKEY, V.F. TECHNICAL SERVICES This document prepared b v LORI PARR and reviewed b y KAREN ALLEBORN

DATE REPORT ISSUED: 02-23-2004 RECOMMENDED* RECALIBRATION DA TE: February 23, 2005

*NIST GMP-11 {Mar '03), ‘Good Measurement Practice for Assignment and Adjustment of Calibration Intervals
‘Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from ac
Table 4 of GMP-11 recommends recalibration of liquid-in-glass thermometers, standerd thermistors and FPRTs a
Liguid-in-glass thermometers used for ‘Temperature Critical Parameters” should be racalibrated at 6 month intervals, NIST GMP-11 is
svailable for download in Adobe pdf format on our website at www.icllabs.com Follow the fink for ‘Downloads’,

for Standsrds’ states that,
cepted values’,

*The APl ‘Manus/ of Petroleurn Measurement Standards’, Chapter 7, June, 2001, specifies 8 12 month recalibration interval for
liquid-in-glass thermometers {see section 8.3} and for portable electronic thermometers (PETs). See section 8.2

The user should be aware that an
interval has expired,

This Report of Tast may not be reproduced except in full without the 8xpress written permission of ICL Calibration Laboratories, Inc.

This report applies only to the item calibrated.

SERIAL NUMBER: 082709 REPORT NUMBER: MB120379 PAGE 2 OF 2




ICL CALIBRATION LABORATORIES, INC.

CERY. 8 526.01

ISONEC 17025 and ANSI/NCSL 2540-1 accredited 1501 Decker Avenue Suite 118 Stuart, FL 34994 USA
The specialists in ASTM and laboratory thermometers & hydrometers Tel: 772 286 7710 1-800-713-6647
Members: ASTM NCSL ASQ NCWM Fax: 772 286 8737 E-mail: sales@icilabs.com

] ) ) Internet: wwwiicllabs.com
Setting new standards in calibration excellence!

Figid office: Caguas, PR Tel: 787 206 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

Report No, MG123544  FPage T of 2

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL’S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL'S ISCAEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOJEC 17025, ANSI/NCSL 2540-1-1984, (WHICH

SUPERCEDED AND REPLACED MIL-STD 45662A), AND THE IS0-9000 AND Q5-3000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:

WASHINGTON STATE PATROL
8171 EAST ROANOKE

\ [ ViZh

SEATTLE, wA 88102 Do gy ve
PURCHASE ORDER NUMBER: NOT AVAILABLE

EXHIBIT NO.-&_
SUBMITTED BY: WASHINGTON STATE PATROL ¢ 7 O

DATE RECEIVED FOR CALIBRATION: 07-14-2004 M. Green T
SNCEAREE

INSTRUMENT DESCRIPTION:

Serial No: 091793  Inscription: GUTH LABS INC.  Date report issued: 07-21-2004  Scale: Celsius {Centigrade}

AT

) foy | m;n\\“',‘"
DIGITAL THERMOMETER Scale range: 29.5/38.5C  Scale divisions; .01 °C Immersion: PROBE

MODEL NO: 4300 ACCURACY TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION: '

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.

CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM E-77, E-220 and £-563
RESULTS OF CALIBRATION:

TEST TEMPERATURE 'AS FOUND’ READING ‘AS LEFT" READING CORRECTION EXPANDED UNCERTAINTY (K=2}
33.000°C 33.0l°C 33.01°C -0.01°C 0.023°C
34.000°C 34.01°C 34.01°C -0.01l°C 0.023°C
35.000°¢C 35.01°¢C 35.01°¢C -0.01°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.019C; at 0C, +/- 0.006C: at
0.01C [TPW}. +/-0.003C; from 0.01 to 105C, +/-0.020C; from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C; from 300 to 410C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT 2-540-2 ENTITLED ‘GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE 'GUM’. A COVERAGE FACTOR OF 2 SIGMA (K =2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 35%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS’ TABLE MAY BE LARGER THAN QUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO 8E  0.01°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K=2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1} ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER’S LABORATORY, {2} DRIFT OF THE
INSTRUMENT, {3} HYSTERESIS OF THE INSTRUMENT, OR (4} ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERA TURE SCALE OF 1890 (ITS5-90})

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING FROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOQOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.

THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WEBER



THE CALIBRATION PERFORMED AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WiTH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS,

TRACEABILITY INFORMAT/ on

DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRA TION AND

This calibration is traceable to NIST through a direct chain of comparisons,

The NIST primary reference standardyfs), transfer Standard(s) and comparator(s) utilized in the performance of this calibration are listed befow:
Our NIST primary reforence thermometer from -196 to 420C is @ Hart Scientific model# 568-2, 100 Ohm SPRT, serist no, 10385,
calibrated by MIST on July 11, 2003, NIST GMP-171 reca,

{ mmends a 36 month calibration cycle for SPRTs, Transfer standards PR Ts
are calibrated against this reference standard semi-annually; ASTM liquid-in-glass transfer standards are calibrated annually.

Our primary reference thermometer for temperatures from 420 to 1000C is & Hart Sclentific Type “S° thermacouple sensor, serial
no. 8112, calibrated by Hart Scientific on January 1 3, 2003, This standard is on & 24 month cafibration cycls.

TestPoint  Comparator MTEF  Manufacturer Transter Standard ~~ MTES Manufacturer Next Due
33.000°C 7310 water bath 0212 Polyascience 5614 PRT 557010 135 Hart Scientific 01/17/0%
34.000°C 7310 water bath 012 Polyscience 5614 PRT 576776 130 Hart Scientific 01/17/0%
35.000°C 7310 water bath 012 Polyscience 5614 PRT 576776 130 Hart Ycientific 01/17/0s

ICL CALIBRATION LABORA TORIES, INC.

}SQ@UE%ANSWB 2-540-7 accredited iaboratory - Americen Associstion for Laberatory Accreditation Certificate ¥526.01
J. JEFF KELLY/ TECHNICAL DIREETOR /<0U\-—ZM MM
DEBORAH M WEBER, A.5.C.P. ACCREDITED TECHNOLOGIST
BRUCE MARKEY, v.P,

TECHNICAL SERVICES This document prepared by LOR! PARR and reviewsd by KAREN ALLEBGRN
DATE REPORT ISSUED: 07-271-2004 RECOMMENDED * RECALIBRATION DATE: July 21, 20085

*NIST GMP-11 (Mar ‘03]. ‘Good Measurement FPractice for Assignment and Adjustment of Calibration Intervals for Standards” states that,
“Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from accepted vajues’,
Tablo 4 of GMP-11 recommends recalibration of liquid-in-glass thermometers, standard thermistors and FRTs at 12 maonth intervals,
Liguid-in-glass thermometers used for ‘Tempersture Critical Parameters’ should be recalibrated at 6 month intervals. NIST GMP-11 is
availabla for downioad in Adobe .pdf format on our website at www.icliabs.com Follow the link for ‘Downloads’.

*Tha APl ‘Manusl of Petroleum Measurement S tandards’, Chapter 7, June, 2001, specifies 2 12 mo,

Ath recalibration intervaf for
liquid-in-glass thermometers (see saction 8

.3) and for portable electronic thermometers {PETs). See saction 8.2

The user should be aware that any number of factors may cause this instrument ta drife out of cafibration before the specified calibration
interval has expired,

This Report of Test may not be raproduced except in fulf without the express written permission of ICI, Calibration Laboratories, Inc.

This report applies only to the item calibrated.

Report No. MG 123544 Page 2 of 2




IcL CALIBRATION LABORATORIES, INC.

CERT. & 528.01

ISO/IEC 17025 and ANSI/NCSL Z540-1 accredited

The specialists in ASTM and laborafory thermometers & hydrometers
Members: ASTM NCSL ASQ NCWM

Setting new standards in calibration excellence!

1501 Decker Avenue Suite 118 Stuari, FL 34954 USA
Tel: 772 286 7710 1-800-713-6647
Fax: 772 286 8737 E-mail; jeff@iclabs.com
Intemet: www.icllabs.com

Figld office: Caguss, FR Tel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL’'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL'S ISOAEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSINCSL Z540-1-1994, MIL-STD 456624,

THE (1S08000. AND THE QS9000 SERIES OF QUALITY STANDARDS.
CUSTOMER INFORMATION:
WASHINGTON STATE PATROL

811 EAST ROANOKE
SEATTLE, WA 987102

ﬂﬂ/?’)ﬂf/}?

EXHIBIT NO..LO_
-9 o
M. Green

PURCHASE ORDER NUMBER:

SUBMITTED BY: WASHINGTON STATE PATROL
INSTRUMENT DESCRIPTION:

Serial No: 031733  inscription: GUTH LABS INC. - Date report issued: 08-14-2003  Scale: Celsius (Centigrade)

DIGITAL THERMOMETER Scale range: 29.5/38.5C Scale divisions: .01 °C  Immersion: PROBE
MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER’'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

DATE RECEIVED FOR CALIBRATION: 08-08-2003

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND' READING ‘AS LEFT’ READING CORRECTION
33.00°C 33.01°C 33.01°C —0.01;’C
34.00°C 34.01°C 34.01°C -0.01°C
35.00°C 35.00°C 35.00°C 0.00°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

EXPANDED UNCERTAINTY (K=2)

0.023°C
0.023°C
0.023°C

OQUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.019C; at OC, +/- 0.006C; at
0.01C (TPW). +/0.003C; from 0.01 to 105C, +/-0.020C; from 105 o 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C; from 300 to 410C,
+/-0.056C; from 410 ro 1000C, +/ 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED "GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE ‘GUM’. A COVERAGE FACTOR OF 2 SIGMA (K =2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%

CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.07°C, HAS BEEN FACTORED INTO THE CALCULATION,

THE EXPANDED UNCERTAINTIES (K= 2] REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER’S LABORATORY, (2) DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INSTRUMENT, OR (4] ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%

AlLL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1980 (ITS-90/

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS, ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH

ARE BEYOND OUR CONTROL.
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THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRANION AND
ACCORDINGLY, LIMITATIONS OF USE ARFE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION
The NIST primary reference standard(s), trensfer standard(s) and, (if applicable), comparator(s) used in this test are listed below:

TEMP: 33.00°C Reference: NIST SPRT S/N 1035, Transfer standards: 537360 & 576776 Comparator: PofyScience water bath MTE-06
TEMP: 34.00°C Raference: NIST SPRT S/N 1035, Transfer standards: 537360 & 576776 Comparator: PolyScience water bath MTE-06
TEMP: 35.00°C Reference: NIST SPRT S/N 1035, Transfer standards: 537360 & §76776 Comparetor: PolyScience water bath MTE-06

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER (SPRT), CALIBRATED
BY NIST IN JULY, 2003. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JULY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL. LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2003 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K=2) PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 to <OC: +/- 0.00230.'
D.07C; +/-.00714C; >0 to 95C: +/- 0.0024C; >95C to 300C: +/- 0.0048C: > 300 to 420C: +/- 0.0075C

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSINCSL Z-540-1 accredited laboratosy - Arnerican Association for Laboratary Accreditation Certificate #526.01

Al P Leltan .

J. JEFF KELLY, TECHNICAL DIRECTOR ALt M&,@tﬂm
DEBORAH M. WEBER, A.5.C.P. ACCREDITED TECHNOLOGIST

BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN

DATE REPORT ISSUED: 08-14-2003 RECOMMENDED RECALIBRATION DATE: August 14, 2004

NIST GMP-11 (Mar ‘031, "Good Measurement Fractice for Assignment and Adjustrment of Calibration intervals for Standards’ states that,
‘Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from accepted values’,

Table 4 of GMP-11 recommends recalibration of liquid-in-giass thermometers, standard thermistors and PRTs et 12 month intervals.
Liguid-in-glass tharmometers used for ‘Temperature Critical Parameters’ should be recalibrated at 6 month intervals.

NIST GMP-11 is available in Adobe .pdf format on our website at www.icllabs.com Follow the link for "Downloads’.

The API ‘Manual of Petroleum Measurement Standards *, Chapter 7, June, 2001, spacifies & 12 month recalfibration interval for
glass thermometers (see P. 8.3} and for portable electronic thermometers {see P.8.2).

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.

This report applies only to the item calibrated. '

SERIAL NUMBER: 091793 REPORT NUMBER: LH176848 FPAGE 2 OF 2




ICL CALIBRATION LABORATORIES, INC. :

CEAT & 528.01

ISO/IEC 17025 and ANSI/NCSL Z540-1 accredited 1501 Decker Ave"ug 15;;*; ; ;68 f}ﬁﬁ“'ﬁfﬁf‘; US;\
. - . e T - 66‘
The specialists in g E;:d andTl;bo'r“aégr{ thergvon'zererhsn & hydrometers Fax: 772 266 8737 E-mail: jef@icliabs,

intemet: www.icliabs.com

ing n tan i ibrati !
Setting new standards in calibration excelience Fiold : Caguss, PR Tel: 787 285 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS iS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW MAS BEEN EXAMINED AND TESTED IN ICL’S CALIBRATION LABORA TORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL"S ISOAEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW, THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL Z540-1-1994, MIL-STD 456624,
THE ISC9000, AND THE QSS000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION: Demvirre
WASHINGTON STATE PATROL //
811 EAST ROANDKE EXHIBIT NO.-__
SEATTLE, WA 98102 7- Q’O/f

M. Green
PURCHASE ORDER NUMBER:

SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CALIBRATION: 01-05-2004
INSTRUMENT DESCRIPTION:

Serial No: 091794 1D #6801 Inscription; GUTH LABS INC. Date report issued: 071-06-2004 Scale: Celsius {Centigrade) .
DIGITAL THERMOMETER Scale range.! 29,5/38.5C Scale divisions: .01 °C Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND {T APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
CALIBRATION PROCEDURE USED: iCL Procedure 04, which is drawn from ASTM E-77, E-220 and £-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘A8 FOUND' READING "AS LEFT’ READING CORRECTION EXPANDED UNCERTAINTY (K =2
33.00°C. 33.00°C 33.00°C 0.00°C ' 0.023°C
34.00°C 34.00°C 34.00°C 0.00°C 0.023°C
35.00°C 35.00°C 35.00°C 0.00°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

QUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/0.019C; at OC, +/- 0.006C; at
0.01C (TPW), +/-0.003C; from 0.01 to 105C, +/0. 020C; from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C; from 300 to 4710C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULA TED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED "GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEA SUREMENT', COMMONLY REFERRED TO AS THE ‘GUM'. A COVERAGE FACTOR OF 2 SIGMA (K =2] HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAIN TY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL,

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS' TABLE MAY 8E LARGER THAN QUR SYSTEM-UNGERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.07 °C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K = 2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2} DRIFT OF THE
INSTRUMENT, (3] HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELA TIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 {I7s-80/

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WA TER, OIL, OR OTHER MATERIAL, OR BY LESS O8VIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICt CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL. .
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THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE YEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMA TION
The NIST primary reference standard(s), transfer standard(s) and, {if applicablel, comparator(s) used in this test are fisted below:
TEMP: 33.00°C Reference: NIST SPRT S/N 1035, Transfer standards: 537360 & 576776 Comparator: PolyScience water bath MTE-GS

TEMP:  34.00°C Reference: NIST SPRT S/N 1038, Transfer standards: 537360 & 576776 Comparator: PolyScience weter bath MTE-06
TEMP: 35.00°C Reference: NIST SPRT S/N 1035, Transter standsards: 537360 & 576776 Comparstor: PolyScience water bath MTE-06

TRANSFER STANDARDS WERE CALIBRA TED IN JULY OF 2003 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL,

THE EXPANDED UNCERTAINTIES fK=2) PROVIDED BY NIST FOR THIS SPRT CALIBRA TION ARE AS FOLLOWS: -195.6 t0 < 0C: +/- 0.0023cC;
0.01C: +/.0014C; >0 to 95C: +/- 0. 0024C; >85C to 300C: +/ 0.0048C: > 300 to 420C: +/- 0.0075C

fCL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSINCSL Z-540-1 accredited laboratory - American Association for Laboratory Accreditation Certificate #526.01

J. JEFF KELL Y, TECHNICAL DIRECTOR ’ /
DEBORAH M. WEBER, A.8.C.P. ACCREDITED TECHNOLOGIST W(_Q/)?A

- BRUCE MARKEY. V.P. TECHNICAL SERVICES This document prepared by LORS PARR and viewed by REN ALLEBORN
DATE REPORT ISS UVED: 01-06-2004 RECOMMENDED RECALIBRA TION DATE: January 06, 2005

NIST GMP-11 (Mar ‘03), ‘Good Measurement Practice for Assignment and Adjustment of Celibration Intervals for Standards” states that,
‘Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from acecepted values’,

Table 4 of GMP-11 recommends recalibration of liquid-in-giass thermometers, standard thermistors and PRTs at 12 maonth intervals.
Liguid-in-glass thermometers used for ‘Temperature Gritfc:ai Parameters should be recalibrated at 6 month intarvals.

NIST GMP-11 is available in Adobe -pdf formsat on our website at www.icliabs.com Folfow the link for "‘Downipads’,

The AP "Manual of Petroleum Measurement Standards’, Chapter 7, June, 2001, specifies a 12 month recaliration interval for
glass thermometers (ses P. 8, 3/ and for portable electronic thermometers {see P.8.2). »

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICt Calibration Laboratories, Inc.
This report applies only to the item calibrated,
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ICL CALIBRATION LABORATORIES, INC.

CERT W 526.01

ISO/IEC 17025 and ANSUNCSL Z540-1 accredited 1501 Deocker Avenua  Suite 116 Stuart, FL 34584 USA
The specialists in ASTM and laboratory thermometers & hydrometers Tel: 772 286 7710  1-800-713-6647

’ Fax: 772 286 8737 E-mail: jeft@icllabs.com
Members: ASTM NCSL ASQ NCWM Internet: www.icllabs.com

- N . - - r
Setting new s.tandards in calibration excelisnce! Fiokt offics: Caguos, PR Tet: 707 286 1448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERA TURE EQUIPMENT A VAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL’S ISOAEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL Z540-1- 1994, MIL-STD 456624,
THE ISO9000, AND THE QS9000 SERIES OF QUALITY STANDARDS. :

CUSTOMER INFORMATION: 0

iy
WASHINGTON STATE PATROL J
811 EAST ROANOKE EXHIBIT NO. L=
SEATTLE, WA 98102 q-q-0
PURCHASE ORDER NUMBER: M. Green

SUBMITTED BY: WASHINGTON STATE PATROL ~ DATE RECEIVED FOR CALIBRATION: 04-14-2003
INSTRUMENT DESCRIPTION:

Serigl No: 091784  Inscription: GUTH LABS INC.  Date report issued: 04-15-2003  Scale: Celsius (Centigrade)
DIGITAL THERMOMETER  Scale range: 29.5/38.5C  Scale divisions: .01 °C Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFAC TO#?Y AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
CALIBRATION PROCEDURE USED: |CL Procedure 04, which is drawn from ASTM E-77, £-220 and E-563

RESULTS OF CALIBRATION: |

TEST TEMPERATURE ‘AS FOUND'® READING ‘AS LEFT' READING CORRECTION EXPANDED UNCERTAINTY (K=2)
33.00°C 33.Q0°¢C 33.00°C 0.00°C 0.023°C
34.00°C 34.00°C ‘ 34.00°C 0.00°C 0.023°C
35.00°C 35.00°C 35.00°C 0.00°C 0.023°C

NQ ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.019C; at OC, +/- 0.006C; at
0.071C (TPW), +/-0.003C; from 0.07 to 105C, +/-0.020C; from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.043C; from 300 to 410C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODOLOGY ELABORATED
IN NIST TECHNICAL NQOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 DOCUMENT ENTITLED ‘GUIDE TO THE EXPRESSION OF
UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE "'GUM'". A COVERAGE FACTOR OF 2 SIGMA (K=2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL, '

THE UNCERTAINTIES PRESENTED ABOVE IN THE "RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01°C, HAS BEEN FACTORED INTOD THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2} REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2} DRIFT OF THE
INSTRUMENT, 131 HYSTERESIS OF THE INSTRUMENT, OR (4} ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THQOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1380 (IT5-90)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS QBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNQOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.
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THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORY OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS: )

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION
The NIST primary reference standardfs), transfor standard(s) and. (if applicablel, comparator(s) used in this test are listed below,

TEMP: 33.00°C Reference: NIST SPRT S/N 1 085, Tran#fer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-06
TEMP: 34.00°C Reference: NIST SPRT §/N 1 085, Transfer standards: 876776 & 24453 Comparator: PolyScience water bath MTE-O6
TEMP:  35.00°C Raference: NIST SPRT S/N 1085, Transfer standards: 576776 & 24453 Comparstor: PolyScience water bath MTE-06

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLA TINUM RESISTANCE THERMOMETER [SPRTI, CALIBRATED
BY NIST IN APRIL, 2002. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRY IN JANUARY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL. LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2002 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL,

THE EXPANDED UNCERTAINTIES (K =2/ PROVIDED BY NIST FOR THIS SPRT CALIBRA TION ARE AS FOLLOWS: -195.6 to <0C: +/- 0.0023C:
0.071C: +/-.0014C; >0 to 95C: +/- 0.0024C; >95C to 300C: +/- 0.0048C; > 300 to 420C: +/- 0.0075C

- ICL CALIBRATION LABORATORIES, INC.

An ISO/IEC 17025 & ANSI/NCSL jm accredited Isboratory - American Association for Laboratory Accreditation Certificate #526.01
J. JEFF KELLY, T

HI(ICAL DIRECTOR wu;
DEBORAH M. WEBER, A.S.C.P. ACCREDITED TECHNOLOGIST /{ AL

, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN

DATE REPORT ISSUED: 04-15-2003 RECOMMENDED RECALIBRATION DATE: April 15, 2004

NBS GMP-11, ‘Good Measurement Fractice for Assignment and Adjustment of Calibration Intervals for Standerds’ states that,
‘Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from sccepted values,’
GMP-11, P4 recommends recalibration of liquid-in-glass thermometers and 100 ahm PRTs at 6 month intervals for ‘Temperature
Critical Parameters’, or 12 month intervals for thermometers used for ‘Secondary Parameters’.

The APl ‘Manual of Petrofeum Messurement Standerds’, Chapter 7, June, 2001, specifies a 12 month recslibration interval for
glass thermometers (see P. 8,3) and for portable electronic thermometers (see P.8.2).

The user should be aware that any number of factors may cause this instrument to drift out of celibration before the specified calibration
interval has expired.

This Roport of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.
This report applies only to the item calibrated.

SERIAL NUMBER: 0917984 PAGE 2 OF 2
REPORT NUMBER: LD114759
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ICL CALIBRATION LABORATORIES, INC.

ISO/EC 17025 and ANSI/NCSL Z540-1 accredited 1501 Decker Avenue_ Sufte 118 Stuar, FL 34094 usA

. Tek, 772 286 77
The specialists in ASTM and laboratory thermometers & hydrometers Fax: 772286 8737 E-mail: sales@icllabs.com
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Sefting new standards in cafibration exceflence! Fiokd office: Cagues, PR Tel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

Report No. MH124131  Page { of 2

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORA TORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONS TANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL 'S ISOAEC 17025 CALIBRATION FROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL Z540-1-1994, (WHICH

SUPERCEDED AND REPLACED MIL-STD 45662A), AND THE ISO-9000 AND QS-9000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:
WASHINGTON STATE PATROL

811 EAST ROANOKE
SEATTLE, WA 98102 _Demzz yre
PURCHASE ORDER NUMBER: NOT AVAILABLE EXHIBIT NO../ 9,

SUBMITTED BY: WASHINGTON STATE PATROL 7-9-0
M. Green

DATE RECEIVED FOR CALIBRATION: 08-10-2004
INSTRUMENT DESCRIPTION:
Serial No: 091794 ID #6801 Inscription: GUTH LABS INC. Data report issued; 08-18-2004 Scale: Celsius {Centigrade/]

DIGITAL THERMOMETER  Scale range: 29.5/38.5C  Scale divisions: .01 °C Immersion: PROBE

MODEL NO: 4300 ACCURACY TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION: .

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
CALIBRATION PROCEDURE USED: (Ct. Procedure 04, which is drawn from ASTM £-77, £-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND’ READING '"AS LEFT" READING CORRECTION EXPANDED UNCERTAINTY (K= 2)
33.000°C 33.00°C 33.00°C 0.00°C 0.023°C
34.000°C 34.01°C 34.01°C -8.0Q1°¢C 0.023°C
35.000°C 35.00°C 35.00°C 0.00°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 (o 0C, +/~0.019C; at0C, +/ 0.006C; at
0.01C (TPW), +/-0.003C: from 0.01 to 105C., +/-0. 020C; from 105 to 200C, +/- 0.030C; from 200 ta 300C, +/- 0.049C: from 300 to 4 10C,
+/-0.056C; from 41010 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1287 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED ‘GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REEERRED TO AS THE ‘GUM’. A COVERAGE FACTOR OF 2 SIGMA (K=2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY A T APPROXIMATELY A 95%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ES TIMATED TQ BE  0.01°C, HAS BEEN FACTORED INTQ THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2} DRIFT OF THE
INSTRUMENT, (3] HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEA SUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 {ITS-90)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH W4 TER, OlL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.

THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY



THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS, :

TRACEABILITY INFORMATION

This callbration is treceable to NIST through a direct chain of comparisons.

The NIST primary reference standard(s), transfer standard(s] and comparator(s) utilized in the performance of this calibration sre listed belo w;

Our NIST primary refarence thermometer from -1 96 to 420C is a Hart Seientific modelit 5682, 100 Ohm SPRT, serial no. 10385,
calibrated by NIST on July 11, 2003. NIST GMP-11 recommaends a 36 month calibration cycle for SPRTs. Transfer standards PRTs
are calibrated against this reference standard semi-annually; ASTM liquid-in-glass transfer standards are cafibrated annually.

Our primary reference thermometer for temperatures from 420 to 1000C is a Hart Scientitic Typa ‘S’ thermocouple sensor, serial
no. 3112, calibrated by Hart Scientific on January 13, 2603. This standard is on & 24 month calibration cycle.

TestPoint  Comparator MIE¥? Moanutacturer Transfer Standard ~ MTE#  Manufacturer Next Due
33.000°C 7310 water bath 012 Polyscience S614 PRT 524105 137 Hart Sclentific 01/17/05
34.000°C 7310 water bath 012 Polyscience 5614 PRT 524105 127 Hart Scientific 01/17/05
35.000°C 7310 water bath 012 Polyscience 5614 PRT 524105 127 Hart Sclentific 01/17/08

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSUNCSL Z-5X0-1 aceredited Isboratory - American Association for Labaratory Accraditation Certificate #526.01

J JEFF KELLY, TEQHNICAL DIRECTOR

DEBORAH M. WEHER, A.S.C.P. ACCREDITED TECHNOLOGIST ﬂa»m M—f@*ﬂrﬂ
BRUCE MARKEY, V.P. TECHNICAL SERVICES This docurment prepared by LOR! PARR and reviewsd by KAREN ALLEBORN
DATE REPORT ISSUED: 08-18-2004 RECOMMENDED * RECALIBRATION DATE: August 18, 2005

*NIST GMP-11 (Mar '03), ‘Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Standards’ states that,
‘Temperature standards are dynamjc with use. Shock, contamination and other factors can cause drift from accepted values’.

Table 4 of GMP-11 recommends recalibration of liquid-in-glass thermometers, standard thermistors and PRTs at 12 month intervels,
Liquid-in-glass thermometers used for Temperature Critical Parameters’ should be recalibrated at 6 month intervals. NIST GMP-11 is
available for download in Adoba .pdf format on our website at www.icllabs.com Follow the link for ‘Downloads’.

*7The APl "Manual of Petroleurn Measurement Standards”, Chapter 7, June, 2001, specifies a 12 month recalibration interval for
liquid-in-glass thermometers (see section 8.3) and for portable electronic thermometers (PETs). See saction 8.2

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Repart of Test may not be reproduced axcept in full without the express written permission of ICL Calibration Laboratories, Inc.
This report applies anly to the item calibrated,
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ICL CALIBRATION LABORATORIES, INC.

CERT ¥ 52601

ISO/IEC 17025 and ANSI/NCSL Z540-1 accredited 1501 Decker Avenue  Suite 118 Stuart, FL 34994 USA
The specialists in ASTM and laboratory thermometers & hydrometers Tel: 772 286 7710 1-800-713-6647

i . Internet: www.icllabs_com
Seiting new standards in calibration excellence!

Field office: Caguas, PR Tel: 787 25}74’45

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INS TRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED |

CALIBRATED PRIMARY REFERENCE STA NDARDS, IN ACCORDANCE WITH JCL ‘S ISONEC 17025 CALIBRATION PROCL:'DURE
REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL 2540-1- 1994, (WHICH
SUPERCEDED AND REPLACED MIL-STD 456 624/, AND THE {S0-9000 AND 05-9000 SERIES OF QUALITY STANDA RDS.

CUSTOMER INFORMATION:

WASHINGTON STATE PATROL
811 EAST ROANOKE
SEATTLE, WA 98102

PURCHASE ORDER NUMBER: M. Green

SUBMITTED BY: WASHING TON STATE PATROL DATE RECEIVED FOR CALIBRATION: 06-02-2004 N
INSTRUMENT DESCRIPTION: WIS sherd s hbits /.

Serial No: 031795 Inscription: GUTH LABS INC.  Date report issued: 06-07-2004  Scale: Celsius (Centigrade) ':f oo™
DIGITAL THERMOMETER  Scala range: 28.5/38.5C  Scale divisions: .01 °C immersion; PROBE R
MODEL NO: 4300 ACCURACY TOLERANCE: +/- 0.025C PER MANUEACTURER'S MANUAL
RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL
CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM E-77, £-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE "AS FOUND’ READING A8 LEFT’ READING CORRECTION EXPANDED UNCERTAINTY (K =2/
33.000°C 33.00°cC 33.00°C 0.00°C 0.023°¢
34.000°C 34.00°C 34.00°C 0.00°C 0.023°C
35.000°¢C 35.00°C 35.00°C 0.00°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INS TRUMENT.

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 o OC, +/-0.019C; at OC, +/- 0.006C; at
0.01C (TPW), +/0.003C; from 0.07 to 1 05C, +/0.020C; from 105 to 200C, +/ 0. 030C; from 200 to 300C, +/- 0.049C; from 300 to 4 70C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULA TED UTILIZING THE METHODS ELABCRATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED "GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEA SUREMENT', COMMONLY REFERRED TO AS THE ‘GUM’, A COVERAGE FACTOR OF 2 SIGMA fK=2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY A T APPROXIMATELY A 95%
CONFIDENCE LEVEL. ’

THE UNCERTAINTIES PRESENTED ABOVE IN THE RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED 10 BE 0.01°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2} REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY 8E
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT 8E TWEEN ICL AND THE USER'S LABORATORY, {2/ DRIFT OF THE
INSTRUMENT, (3} HYSTERESIS OF THE INSTRUMENT. OR (4} ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 firs-90)

MPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY, CORRECT TEMPERATURE INDICA TION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTA CTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS 08 VIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORA TORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.
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THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALI
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS: WITE BRATION AND

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE R4 NGE BRACKETED BY TH
AND/OR IMMEDIATELY AROUND THE TEST POINTS, E TEST POINTS

TRACEABILITY INFORMA TION

The NIST primary reference Standard(s), transfer Standard(s} and comparator(s) utilized in the performance of this calibration are listed below:
OU{ NIST primary reference thermoreter from -196 to 420C is & Hart Scientitic model# 5699, 25.5 Ohm SFRT, serial no, 0159,
calibrated by NIST on October 7, 2003. NIST GMP-11 recommends a 36 month calibr,

i i c ! ation cycle for SPRTs. Transfer standards PRTs
are cal_rbrated against this reference standard semi-annually; ASTM figuid-in-glass transter standards are calibrated annually.
Our primary reference thermometer for temperaturas from 420 to 1000C is a Hart Scientific Type *S’ thermocouple sensor, serial

no. 9112, calibrated by Hart Scientific on January 13, 2003, This standard is on a 24 month calibration cycle.

Test Point Comparator MTE}  Manufacturer Transter Standard ~ MTES Manufacturer Next Due
33.000°C 7310 water bath 00§ Poly8cience 5614 PRT 537360 129 Hart Beilentific 07/16/04
34.000°C 7310 water bath (06 PolyScience 5614 PRT 537360 129 Hart Scientific 07/16/04
35.000°C 7310 water bath 006 PolyScience 5614 PRT 537360 129 Hart Scientific 07/16/04
ICL CALIBRATION LABORA TORIES, INC.
An IS0

5 & ANSI/NC. -540-1 sccredited laboratory - Amaerican Assaciation for Laboratory Accreditation Cerrificate #526.0 f'

— ' ; \ y;
Jo JEFF KELLY, XECHNICAL DIREC'OH -
DEBORAH M.AVEBER, A.S.C.P. ACCREDITED TECHNOLOGIST
BRUCE MARKEY, V.P. TECHNICA KELL

L SERVICES This document prepared by LORI PARR and reviewed by MICHA EL
DATE REPORT ISSUED: 06-07-2004 RECOMMENDED* RECALIBRATION DA TE: June 07, 2005

*NIST GMP-11 (Mar 03], ‘Good Messurement FPractice for Assignment and Adjustment of Calibration Intervals for Standards’ states that,
‘Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from accepted values’.

Table 4 of GMP-11 recommends recalibration of fiquid-in-glass thermometers, standard thermistors and PRTs at 12 month intervals.
Liquid-in-giass thermometers used for ‘Temperature Critical Parameters’ should be recalibrated at 6 month intervals. NIST GMP-11 is
available for download in Adobe .pdf format on our website at www.icliabs.com Foliow the link for ‘Downloads’.

*The API ‘Manual of Petroleum Measurement Standards’, Chapter 7, June, 2001, specifies & 12 month recalibration interval for
liquid-in-glass thermometers (see section 8.3/ and for portable electronic thermometers (PETs). See section 8.2

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratorises, Inc,
This report applies only 10 the item calibrated,
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ICL CALIBRATION LABORATORIES, INC.

CERT ¥ 526.01

ISO/IEC 17025 and ANSUNCSL Z540-1 accredited 1501 Decker Avenugelsgtg ; ;g %ﬁﬂ 3433; USJ;
s g : : -&N‘l- £64
e el T o ey thermometers & hycromsters Fax 772 286 8737 E-mall: aff@icliabs.com

Intemet; www.icliabs.com

; P, )
Setting new standards in calibration excellence! Fiakd offica: Caguas, PR Tei: 787 206 7443

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL'S ISOAEC 17028 CALIBRATION PROCEDURE

REFERENCED BELOW, THIS CALIBRATION MEETS THE REQUIREMENTS OF ISONEC 17025, ANSI/NCSL 2540-1-1884, MIL-STD 45662A,

THE ISO2000, AND THE Q88000 SERJ/ES OF QUALITY STANDARDS.

CUSTOMER INFORMATION: ' Ek iy

WASHINGTON STATE PATROL <3
8171 EAST ROANOKE EXHIBIT NO..L
SEATTLE, WA 98102 q, g-0
PURCHASE ORDER NUMBER: M. Green

SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CALIBRATION: 06-20-2003
INSTRUMENT DESCRIPTION:

Serial No: 081795  Inscription: GUTH LABS INC.  Date report issued: 06-27-2003 Scale: Celsius {Centigrade)

DIGITAL THERMOMETER Scale range: 29.5/38.5C  Scale divisions: .01 °C Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER’'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THA TALL SYSTEMS WERE FUNCTIONAL.
NOTE: The contects for the on/off switch were cleaned prior to calibration,

CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE 'AS FOUND' READING 'AS LEFT’ READING CORRECTION EXPANDED UNCERTAINTY (K =2)
33.00°C 33.00°C 33.00°C 0.00°C 0.023°C
34.00°C 34.00°C 34.00°C 0.00°C 0.023°C

35.00°¢C 35.00°C 35.00°C : 0.00°C 0.023°C
NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

OQUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/ 0.018C; at OC, +/- 0.006C; st
0.01C (TPW), +/-0.003C; from 0.01 to 105C, +/-0.020C; from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.048C: from 300 to 410C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1287 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED ‘GUIDE TC THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE 'GUM'". A COVERAGE FACTOR OF 2 SIGMA (K=2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL. :

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS” TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE 0.071°C, HAS BEEN FACTORED INTO THE CALCULATION,

THE EXPANDED UNCERTAINTIES (K =2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER’S LABORATORY, (2) DRIFT OF THE
INSTRUMENT, {3) HYSTERESIS OF THE INSTRUMENT, OR (4] ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REFORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (ITS-S0}

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS 1S DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS, ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
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ARE BEYOND OUR CONTROL.

THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION
The MIST primary reference standard!(s), transfer standard(s) and, (if applicablel, comparator(s} used in this test are listed below:
TEMP: 33.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-12

TEMP: 34.00°C Refarence: NIST SPRT S/N 71085, Transfer standards: 5767 76 & 24453 Comparator: PolyScience water bath MTE-12
TEMP:  35.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-12

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESIS TANCE THERMOMETER (SPRT), CALIBRATED
8Y NIST IN APRIL, 2002, ICL HAS SPECIFIED A ONE YEAR FERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JANUARY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL. LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2002 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K =2) PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 0 <OC: +/ 0.0023C;

0.01C: +/-.0014C; >0 to 95C: +/- 0.0024C; > 95C 10 300C: +/- 0.0048C; >300 to 420C: +/- 0.0075C
/CL CALIBRATION LABORATORIES, INC.

An ISDAEC 17025 & ANSI/NCSL 2-540-1 accredited lsboratary - American Association for Labaratory Accreditation Certificate $528.01

Aot PG S

J. JEFF KELLY, TECHNICAL DIRECTOR  ~
DEBORAH M. WEBER, A.S.C.F. ACCREDITED TECHNOLOGIST
BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN

DATE REPORT ISSUED: 06-27-2003 RECOMMENDED RECALIBRATION DATE: June 27, 2004

NIST GMP-11 (Mar '03), "Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Standards’ states that,
"Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from accepted values’,

Table 4 of GMP-11 recommends recslibration of liquid-in-glass thermometers, standard thermistors and PRTs at 12 month intervals.
Liquid-in-glass thermometers used for "“Temperature Critical Parameters’ should ba recalibrated at 6 month intervals.

NIST GMP-11 is available for viewing in .pdf format on our website at www.icllabs.com Follow the link for ‘How often should | recalibrate...?

The API "Manual of Petroleum Measurement Standards’, Chapter 7, June, 2001, specifies a 12 month recalibration interval for
glass thermometers (see P. 8.3) and for portable electronic thermometers (see P.8.2),

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laborstories, Inc.
This report applies only to the item calibrated.
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ICL CALIBRATION LABORATORIES, INC. K

CERT # 53601

ISO/IEC 17025 and ANSI/NCSL Z540-1 accredited 1501 Decker Avenugel_sg;*; e Sart, f;:o‘ﬁf‘; e
The specialists in ASTM and laboratory thermometers & hydrometers Fax: 772 286 8737 E-mail: jefi@icllabs.com

Members: ASTM NCSL ASQ NCWM
Setting new standards in calibration excelience!

Internet: www.icllabs.com

Fioid office: Caguas, PR Tel: TB7 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORA TORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL'S ISQ/IEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL Z540-1-1994, MIL-STD 456624,
THE 1SQ9000, AND THE QS9000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION: 0; 17771844
WASHINGTON STATE PATROL b
8171 EAST ROANOKE EXHIBIT !4‘0.-/.—
SEATTLE, WA 98102 7-9=0

M. Green
PURCHASE ORDER NUMBER:

SUBMITTED BY: WASHINGTON STATE PATROL ~ DATE RECEIVED FOR CALIBRATION: 01-15-2004
INSTRUMENT DESCRIPTION:

Serial No: 091796  [nscription: GUTH LABS INC. Dste report issued; 01-20-2004  Scalfe: Celsius (Centigrade)
DIGITAL THERMOMETER Scale range: 29.5/38.6C  Scale divisions: .07 °C -Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/- 0.026C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISEACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
NOTE: Client’s battery read 7.2 volts - replaced with new battery prior to calibration.

CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM £-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND' READING ‘A8 LEFT” READING - CORRECTION EXPANDED UNCERTAINTY (K=2)
33.00°C 33.00°C 33.00°C 0.00°C 0.023°¢C
34.00°¢C 34.00°C 34.00°C 0.00°C 0.023¢°C

35.00°C 35.00°¢C 35.00°C 0.00°C 0.023°C
NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 10 OC, +/- 0.019C; at 0C, +/ 0.006C; at
0.01C (TPW), +/-0.003C; from 0.01 to 105C, +/-0.020C: from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C; from 300 to 410C,
+/-0.056C; from 410 to 1000C, +/-.1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED "GUIDE TQ THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT", COMMONLY REFERRED TO AS THE 'GUM " A COVERAGE FACTOR OF 2 SIGMA (K =2] HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE 0.01°C, HAS BEEN FACTORED INTO THE CALCULATION,

THE EXPANDED UNCERTAINTIES (K = 2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1] ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2) DRIFT OF THE
INS TRUMENT, (3) HYSTERESIS OF THE INSTRUMENT, OR {4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE (/SER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED-BY THE INTERNA TIONAL TEMPERATURE SCALE OF 1990 {ITS-90)

IMPORTANT NOTE: THE CORRECT OFERATION OF DIGITAL ELECTRONIC THERMOMETERS 1S DEPENDENT ON ALL COMPONENTS

FUNCTIONING PROFERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE

ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WA TER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES

SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORA TORIES, INC.

REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TES T HOWEVER

CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY B!:;f EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
Page 1of 2



ARE BEYOND OUR CONTROL.

THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST I§ A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FoLLOws:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TESTY POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standardfs], transfer standardis} snd, {if applicable), comparator(s) used in this test are listed below:

TEMP:  33.00°C Reference: NIST SPRT S/N 01583, Transfer stenderds: 537360 & 576776 Comparator: PolyScience water bath MTE- 12
TEMP; 34.00°C Reference: NIST SPRT S/N 0158, Trensfer standsrds; 537360 & 576776 Comparator: PolyScience water bath MTE-12
TEMP: 35.00°C Reference: NIST SPRT 8/N 0158, Transfar standards: 537360 & 576776 Comparator: PolyScience water bath MTE-12

THE NIST REFERE/GCE THERMOMETER REFERRED TO ABOVE IS A HART SCIENTIFIC MODEL 5699 25.6 OHM SPRT, CALIBRATED
BY NIST IN OCTOBER, 2003, NIST GMP-11 SPECIFIES A THREE YEAR CALIBRATION INTERVAL FOR SPRTs. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT I JANUARY OF 2004, AND ARE ON A SIX MONTH CALIBRATION INTERVAL.

THE EXPANDED UNC‘ERTAINTIES fK=2} PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 1o 0.01C: +/- 0.00015¢C;
0.01C: +/.00002C; >0 to 237,928C: +/- 0. 00024C; >231.928C 10 419.527C: +/ 0.000471C.

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSINCSL 0-1 accradited laboratory - Americen Association for Laboratory Accreditation Cartificate ¥526.071

J. JEFF KELLY,/TECHNICAL DIRECTOR. ﬂ
DEBORAH M.MEBER, A.S.C.P. ACCREDITED TECHNOLOGIST a—u/r%
BRUCE MARKEY, V.P. TECHNICAL SERVICES

This document prepared by LOR! PARR and reviewed by KAREN ALLEBORN
DATE REPORT ISSUED: 07-20-2004 RECOMMENDED RECALIBRATION DA TE: January 20, 2005

MIST GMP-11 (Mar ‘03), 'Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Standsrds’ states that,
"Temperature standsrds are dynamic with use. Shock, contamination and other factors can cause drift from accaptad values’,

Table 4 of GMP-11 recommends recafibration of liquid-in-glass thermometers, standard thermistors. and PRTs at 12 month intervais.
Liguid-in-glass thermomeaters used for ‘Temnperature Critical Farsmetars’ should ba recalibrated at 6 month intervals,

NIST GMP-11 is available in Adobe -pdf format on our website at www.icllabs. com Follow the link for ‘Downloads’,

The API ‘Manual of Patroleum Measuremant Standards’, Chapter 7, June, 2001, specifies 8 12 month recalibration interval for
glass thermometers (see P, 8.3) and for portable electronic thermometers [sae P. 8.2).

The user should be sware that any number of factors may causs this instrument to drift out of calibration before the spacified calibration
interval has expired,

This Report of Test may not be roproduced except in full without the oxpress written pormission of ICL Calibration Laboratories, Inc.

This report applies only to the item calibrated,

SERIAL NUMBER: 091796 REPORT NUMBER: MA119729 - PAGE 2 OF 2




ICL CALIBRATION LABORATORIES, INC.

CERT # 52601

ISOMEC 17025 and ANSI/NCSL Z540-1 accredited
The specialists in ASTM and laboratory thermometers & hydrormeters
Members: ASTM NCSIL. ASQ NCWM

Setting new standards in calibration excellence!

1501 Decker Avenue Suite 118 Stuart, FL 34994 USA
Tel: 772286 7710 1-800-713-6647

Fax: 772 286 8737 E-mail: jeff@icllabs.com

Internet: www.icliabs.com

Fiold office. Caguas, PR Tel: 787 285 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS |S TO CERTIFY THAY THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY

USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT A VAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL'S ISO/IEC 17025 CALIBRATION PROCEDURE
REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/IEC 17025, ANSI/NCSL Z540-1- 1994, MIL-STD 456624,
THE ISO3000, AND THE Q59000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:
WASHINGTON STATE PATROL

811 EAST ROANOKE
SEATTLE, WA 98102

. Démnrﬂ’

EXH .
\ |2|_T N’% 741—1

PURCHASE ORDER NUMBER:

DATE RECEIVED FOR CALIBRATION: D6-06-2003 o S
o o Al RACERNLE

SUBMITTED BY: WASHINGTON STATE PATROL
INSTRUMENT DESCRIPTION:

Serial No: 091796  inscription: GUTH LABS INC.  Date report issued: 06-17-2003  Scale: Celsius (Centigrade)

DIGITAL THERMOMETER  Scale range: 29.5/38.5C  Scale divisions: .01 °C Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION: .

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
CALIBRATION PROCEDURE USED: iCL Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND' READING ‘AS LEFT' READING CORRECTION EXPANDED UNCERTAINTY (K =2}
33.00°C 33.00°C 33.00°C 0.00°C 0.023°C
34.00°C 34.00°C 34.00°C 0.00°C 0.023°C
35.00°C 3s.go0°C 35.00°¢C 0.00°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to 0C, +/- 0.019C; at OC, +/- D.00O6C; at

0.01C (TPW), +/-0.003C; from 0.01 to 105C, +/-0.020C; from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.048C; from 300 to 410C,

+/-0.056C; from 41010 1000C, +/ 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED
IN NIST TECHNICAL NOTE 1287 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED “GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE 'GUM'. A COVERAGE FACTOR OF 2 SIGMA (K =2} HAS BEEN
APPLIED TQ THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS' TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01°C, HAS BEEN FACTORED INTO THE CALCULATION,

THE EXPANDED UNCERTAINTIES (K =2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER’S LABORATORY, (2) DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (ITS-90}

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TOQ THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.
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THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE WCWD BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION
The NIST primary reference standard(s), transfer standard(s) and, {if applicablel, comparator(s) used in this test are listed below.

TEMP: 33.00°C Reference: NIST SPRT 5/N 1085, Transfer standards: 5 76776 & 24453 Comparator: PolyScience water bath M TE-12
TEMP: 34.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath M TE-12
TEMP: 35.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 5 76776 & 24453 Comparstor: PolyScience water bath MTE-12

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLA TINUM RESISTANCE THERMOMETER (SPRTI, CALIBRATED
BY NIST IN APRIL, 2002. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS -
WERE CALIBRATED AGAINST THIS SPRT IN JANUARY OF 2003, AND ARE ON 4 SIX MONTH CALIBRATION INTERVAL. LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2002 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL,

THE EXPANDED UNCERTAINTIES (K =2) PROVIDED BY NIST FOR THIS SPRT CALIBRA TION ARE AS FOLLOWS: -195.6 to <0C: +/- 0.0023¢C;
0.01C: +/-.0014C; >0 10 §5C: +/- 0.0024C; >95C to 300C: +/- 0.0048C; > 300 to 420C: +/- 0.0075C

ICL CALIBRATION LABORATORIES, INC.

AN ISOAEC 17025 & ANSINCSL 2-540-1 accredited laboratory - American Associstion for Laboratory Accreditation Certiticate ¥526.071

J. JEFF KELLY, TECHNICAL DIRECTOR (&Mf
DEBORAH M. WEBER, A.S.C.P. ACCREDITED TECHNOLGGIST Arenn )Z"\
BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepsred by LORI PARR and reviewed by KAREN ALLEBORN

DATE REPORT ISSUED: 06-17-2003 RECOMMENDED RECALIBRATION DATE: June 17, 2004

NIST GMP-11 (Mar '03), ‘Good Measurement Practice for Assignment and Adjustment of Celibration Intervals for Standards” states that,
‘Temperature standsrds are dynamic with use, Shock, contamination and other factors can cause drift from acceptad values’.

Table 4 of GMP-11 recommends recalibration of liquid-in-glass thermometers, standard thermistors and PRTs at 12 monih intervals.
Liquid-in-glass thermometers used for ‘Temperature Critical Psremetsrs’ should be recslibrated at 6 month intervals.

NIST GMP-11 is available for viewing in .pdf format on our website st www.icliabs,com Follow the link for "How often should | recalibrate...?
The APl "Manual of Petroleum Measurement Standards’, Chapter 7, June, 2001, spacifies a8 12 month recalibration interval for

glass thermometers (see P. 8.3} and for portable electronic thermometers fsee P.8.2}.

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.
This report applies only to the item calibrated.

SERIAL NUMBER: 091796 REPORT NUMBER: LF115818 PAGE 2 OF 2

NOTES:
The on/off touch pad was cleaned prior to calibration.




ICL CALIBRATION LABORATORIES, INC.

CERT # 52601

ISO/IEC 17025 and ANSUNCSL Z540-1 accredited 1501 Decker AVB"U_? IS_;{;‘; 2‘;3 7371:131“11‘10 ?g?;_éﬁ;\
The specialists in A d e 2ol
sh;’;mfefshf' %Tabo,r‘aé‘;?_’ ”’:S"gon:féﬁ'; & hydrometers Fax: 772 286 8737 E-mall: jeff@icilabs.com

Intemnet: www.icllabs.com
Fieid office: Caguas, PR Tel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CON TROLLED CONSTANT TEMPERATURE EQUIPMENT A VAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDA RDS, IN ACCORDANCE WITH ICL’S ISO/EC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/IEC 17025, ANSI/NCSL Z540-1- 1994, MIL-STD 456624,
THE [SO9000, AND THE QS8000 SERIES OF QUALITY STANDARDS.

Setting ne‘w standards in calibration excellence!

CUSTOMER I A ‘
Ti INFORMATION. /) Y
WASHINGTON STATE PATROL
811 EAST ROANOKE EXHIBIT NO..L&
SEATTLE, WA 98102 g - q_017i.
M. Green

PURCHASE ORDER NUMBER:

SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CALIBRATION: 02-16-2004 ] \ .
INSTRUMENT DESCRIPTION: o\ AL

~ %,

Serial No: 091787  Inscription: GUTH LABS INC. Date report issued: 02-23-2004  Scale: Calsius {Centigrade)

DIGITAL THERMOMETER  Scale range: 29.5/38.6C  Scale divisions: .01 °C Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFA CTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND | T APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND’ READING ‘AS LEFT" READING CORRECTION EXPANDED UNCERTAINTY (K=2}

33.00°C 33.00°C 33.00°cC 0.00°C 0.023°C
34.00°C 34.00°C 34.00°C ¢.00°C 0.023°C
35.00°C 35.00°C 35.00°C 0.00°¢C ¢.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

QUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/-0.018C; 8t 0C, +/- 0.006C: 8t
0.01C (TPW), +/-0.003C; from 0.01 to 105C, +/-0.020C; from 705 to 200C, +/~ 0.030C; from 200 to 300C, +/- 0.049C: from 300 to 4 10C,
+/-0.056C; from 410 to 1000C, +/ 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMEN T Z2-540-2 ENTITLED 'GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEA SUREMENT', COMMONLY REFERRED TO AS THE ‘GUM’. A COVERAGE FACTOR OF 2 SIGMA (K =2} HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY A T APPROXIMATELY A 95%
CONFIDENCE LEVEL,

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01°C, HAS BEEN FAC TORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K = 2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2) DRIFT OF THE
" INSTRUMENT, (3 HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERA TURE SCALE OF 1890 (ITS-90)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROFERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MA TERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGL Y. ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE 7O CONDITIONS WHICH
ARE BEYOND OUR CONTROL.
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THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, UIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard(s), transfer standard(s) and comparatorfs) utilized in the performance of this calibration sre Wsted balow:

Our NIST primary reference thermometer from -196 to 420C is a Hart Scientitic model# 5699, 25.5 Ohm SPRT, seriaf no. 0159,
calibrated by NIST on October 7, 2003. NIST GMP-11 recommends & 36 month calibration cycle for SPRTs. Transfer standsrds PRTs
are calibrated against this refsrence stendsrd semi-annually; ASTM liquid-in-glass transfer standards are calfbrated annuasily.

Our primary reforence thermometer for tempsratures from 420 to 7000C is & Hart Sc

ientific Type 'S’ thermocouple sensor, serisi
no. 8112, calibrated by Hart Scientific on Januvary 13, 2003. This standard is on 8 24 month calibration cycle,

Test Point  Comparator MTE#} Manufacturer Transfer Sfandard  MTE# Manufacturer Next Due

33.00°C 7310 Water bath 012 Polyscienca 5614 PRT 127 Hart Scientific 07/16/04
34.60°C 7310 Water bath 012 Polyscience 5814 PRT 127 Hart Sclentific 07/16/04
35.00°C 7310 Water bath 012 Polyacience 5614 PRT 127  Hart Scientific 07/16/04

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSING Z-8540-7 accredited laboratory - American A iation for Lab

y Accredy Certificate #525.01

DEBORAH M. IWEBER, A.S.C.P. ACCREDITED TECHNOLOGIST
BRUCE MARKEY, V.P. TECHNICAL SERVICES

J JEFF KELLY, [TECHNICAL DIR.Ez‘TOR Q/qu

This document prepared b v LORI PARR and reviewed by KAREN ALLEBORN
DATE REPORT ISSUED: 02-23-2004 RECOMMENDED * RECALIBRATION DATE: February 23, 2005

*NIST GMP-171 (Mar 03}, "Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Standards’ states that,
‘Tempersture standards are dynamic with use, Shock, contamination and other factors can cause drift from accepted values’,

Table 4 of GMP-11 recommends recalibration of liquid-in-glass thermarmeters, standsrd thermistors and PR Ts at 12 month intervals.
Liquid-in-glass thermometers used for ‘Temperature Critical Parameters’ shou

id be recalibrated at & month intervals. NIST GMP-11 is
available for downfoad in Adobe -pdf format on our website at www.iclisbs.com Follow the link for "Downloads’,

*The APl "Manual of Petroleum Measurement Standsrds’, Chspter 7, June,

2001, specifies a 12 month recalibration interval for
liquid-in-glass thermometers isee section 8.3) and for portable electronic th

armometers (PETs). See saction 8.2

The usar should be awsre that an

y number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired,

This Report of Test may not be reproduced except in full without the eXpress written permission of ICL Calibration Laboratories, Inc.

This report applies only to the item calibrated.

SERIAL NUMBER: 091797 REPORT NUMBER: MB120378 PAGE 2 OF 2




ICL CALIBRATION LABORATORIES, INC.

CERT » 520.00

ISO/IEC 17025 and ANSI/NCSL Z540-1 accredited 1501 Decker Aveﬂu$ IS;;*g ; gg fmf‘. &o?:g‘;*; &iA
The specialists in ASTM L 1-800- 7
L0e specialists snTe ﬁbers: a:gTﬁb"fé‘;';_y "’:s"gom, lect“:’sm & hydrometers Fax: 772 286 8737 E-mail: jeff@icllabs.com

Internet; www.icliabs.com

Setting new standards in calibration excellence! .
: Fleid office: Caguas, PR Ted: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT A VAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS., IN ACCORDANCE WITH ICL'S ISO/IEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/IEC 17025, ANSI/NCSL Z540-1- 1894, MIL-STD 456624

THE 1SQ9000, AND THE Q89000 SERIES OF QUALITY STANDARDS. ’

CUSTOMER INFORMATION:

WASHINGTON STATE PATROL
811 EAST ROANOKE
SEATTLE, wA 88102

PURCHASE ORDER NUMBER:
SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CALIBRATION: 03-28-2003
INSTRUMENT DESCRIPTION:

Tt
g apoe
., .

Serial No: 081797  Inscription: GUTH LABS INC. Date report issued: 04-02-2003  Scale: Celsius {Centigrade)

DIGITAL THERMOMETER Scale range: 29.5/38.5C  Scale divisions: .01 °C Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/ 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL,
CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM £-77, E-220 and F-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND' READING ‘AS LEFT” READING CORRECTION EXPANDED UNCERTAINTY (K =2)
33.900°¢C 32.97°C 33.00°C 0.00°C 0.023°C
34.00°C 33.97°C 34.00°C 0.00°C 0.023°C
35.00°C 34.97°¢C 35.00°C o.00°C 0.023°C

THE 'AS FOUND' READINGS WERE NOT WITHIN THE TOLERANCE STATED ABOVE AND THIS INSTRUMENT WAS ADJUSTED ACCORDINGLY.
THE NEW VALUES ARE SHOWN IN THE ‘AS LEFT' COLUMN IN THE ABOVE TABLE,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.0719C; a1 0C, +/ 0.006C; at
0.01C (TPW), +/-0.003C; from 0.01 to 105C, +/0.020C: from 105 1o 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C; from 300 to 470C,
+/-0.056C; from 410 to 1000C, +/ 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODOLOGY ELABORATED
IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540.2 DOCUMENT ENTITLED *GUIDE TO THE EXPRESSION OF
UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE 'GUM". A COVERAGE FACTOR OF 2 SIGMA (K=2) HAS BEEN
APPLIED TQ THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS' TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE 0.07°C, HAS BEEN FACTORED INTQ THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2} REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1} ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER’S LABORA TORY, (2) DRIFT OF THE
INSTRUMENT, {3) HYSTERESIS OF THE INSTRUMENT, OR (4] ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERA TURE SCALE OF 13990 (ITS-80)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS 1S DEPENDENT ON ALL COMPONENTS
FUNCTIONING FROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MA TERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS (OW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL,
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THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORY OF TEST IS A LIMITED CALIBRATION AND |
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY ARCUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard(s), transfer standard(s) and, (if applicable), comparator(s) used in this test sre listed below:

TEMP: 33.00°C Refsrence: NIST SPRT S/N 1085, Transfer standards: 576776 & 24453 Comparator; PolyScience water bath MTE-22
TEMP:  34.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 537360 & 24453 Comparator: PolyScience water bath MTE-06
TEMP: 35.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 576776 & 24453 Comparstor: PolyScience water bath MTE-22

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER (SPRTI, CALIBRATED
BY NIST IN APRIL, 2002. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JANUARY OF 2003, AND ARE ON A SiIX MONTH CALIBRATION INTERVAL, LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2002 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K = 2] PROVIDED BY MIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 to <0C: +/ 0.0023C;
0.01C: +/-.0074C; >0 to 95C: +/- 0.0024C; > 95C to 300C: +/- 0.0048C; >300 to 420C: +/- 0.0075C '

ICL CALIBRATION LABORATORIES, INC.,

An {SOAEC 17025 & ANSI/NCSL 2-8§80-7 sccradited laboratory - Americsn Association for Laboratory Accreditation Certificats ¥526.01

/'_7

S JEFF KELLY, TECHNICAL DIRECTOR
DEBORAH M. WEBER, A.8.C.P. ACCREDITED TECHNOLOGIST
BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by Mt KELLY

DATE REPORT ISSUED: 04-02-2003 RECOMMENDED RECALIBRATION DATE: April 62, 2004

NBS GMP-11, ‘Good Messurement Fractice for Assignment and Adjustment of Calibratian Intervals for Standsrds’ states that,
‘Temperature standards are dynamic with use. Shack, contamination and other factors can cause drift from accepted values.’
GMP-11, P4 recommends recalibration of liquid-in-glass thermormeters and 100 ohm PRTs at 6 month intervals for ‘Temperature
Critical Parameters”, or 12 month intervals for thermometers used for ‘Secondary Parameters’.

The APt ‘Manual of Petroleum Measurement Standards’, Chapter 7, June, 2001, specifies a 12 month recalibration interval for
glass thermometers (see P. 8.3) and for portable electronic thermometers {see F.8.2).

The user should be aware that any number of factors may cause this instrument 1o drift out of calibration before the specified calibration
interval has expired,

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibra tion Laboratories, Inc.
This report applies onl;} to the item calibrated.

SERIAL NUMBER: 081797 PAGE 2 OF 2
REPORT NUMBER: LC114521




ICL CALIBRATION LABORATORIES, INC.

CERT w5260t

ISO/IEC 17025 and ANSYNCSL Z540-1 accredited 1501 Decker AvenueT |Suit§ 21 18 TS_}n:grt,1FL :.’»499471 USA7
- , el: 77 85 -800-743-664
The specialists in QS]::A and Iabo.r‘aégrg thengon':eteth'sﬂ & hydrometers Fax: 772 286 8737 E-mail: jeft@icilabe.

Internet: www.icliabs.com
Fieid office: Caguas, PR Tel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOME TER

THIS IS TO CERTIFY THAT THE INS TRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERA TURE EQUIPMENT AVA ILABLE, AGAINST MIST
CALIBRATED PRIMARY REFERENCE § TANDARDS, IN ACCORDANCE WITH ICL'S ISOAEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEE 78 THE REQUIREMENTS OF ISO/EC 17025, ANSI/NCSL Z540-1-1994, MIL-STD 45662A,
THE ISO9000, AND THE QS9000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:

WASHINGTON STATE PATROL
87171 EAST ROANOKE EXHIBIT NO..&

SEATTLE, WA 98102 7-q-01
M. Green

Setting new standards in calibration excellence!

LR

PURCHASE ORDER NUMBER:
SUBMITTED BY: WASHINGTON STATE PATROL  DATE RECEIVED FOR CALIBRATION: 02-16-2004
INSTRUMEN T DESCRIPTION:

T e A0,
Serial No: 091797  Inscription: GUTH LABS INC. Date report issued; 02-23-2004 Scala: Celsius (Centigrade/ . - r"_'f‘N me\fﬂ_y

kg gt 2

DIGITAL THERMOMETER  Scale range: 29.5/38,5C  Scale divisions: .01 °C Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/ 0. 025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INS TRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
CALIBRATION PROCEDURE USED: ict Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE "AS FOUND’® READING ‘A8 LEFT" READING CORRECTION EXPANDED UNCERTAINTY (K=2)

33.00°cC 33.00°C 33.00°cC 0.00°C 0.023°C
34.00°C 34.00°C 34.00°¢C g.00°C 0.023°C
35.00°¢C 35.00°C 35.00°¢C 0.00°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to 0C, +/- 0.019C; a1 0C, +/ 0.006C: st
0.01C (TPW, +/-0.003C; from 0.07 to T05C, +/-0.020C; from 105 to 200C. +/- 0.030C; from 200 1o 300C, +/ 0.048C; from 300 to 470C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE ME THODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED ‘GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE 'GUM", A COVERAGE FACTOR OF 2 SIGMA (K=2) HAS BEEN
AFPLIED YO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY A T APPROXIMATELY A 95%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS" TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE 0.01°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BE TWEEN ICL AND THE USER'S LABORA TORY, {2) DRIFT OF THE
INSTRUMENT, {3} HYSTERESIS OF THE INSTRUMEN T, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER,
LABORATORY ENVIRONMENTAL COND/ fIONS.' TEMPERATURE: 23°C +/ 2°C RELATIVE HUMIDITY- BE TWEEN 40% AND 60%

ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1880 (ITS-90)

CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.
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THIS CALIBRATION WAS PERFORMED py: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, UMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDJATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary refsrence standard(s), transfer standard(s! and Comparator(s} utliized in the performance of this calibration are listed belo w.

Our NIST primary reference thermometer from -196 to 420C is & Hart Scientific model# 5699, 25,5 Ohm SPRT, serial no. 0159,

calibrated by NIST on October 7, 2003. NIST GMP-11 recommends 8 36 month calibration cycle for SPRTs. Transfer standards PRTs
are calibratod against this reference standard semi-annually; ASTM liquid-in-glass tra

nsfer stendards sre cafibrated annually.
Our primary reference thermometer for temperatures from 420 to 1000C is g Hart S

clentific Type *S* thermocouple sensor, serial
no, 9112, calibrated by Hart Scientific on January 13, 2003, This standard is on a8 24 month calibration cycle,

Test Poinf  Comparaior MIEF  Manufacturer Transfer Standard MTE#  Manufacturer Next Due
33.00°c 73190 Water bath 012 Polyscience 5614 PRT 127 Hart Scientific 07/16/04
34.00°C 7310 Water bath 012 Polyscience 5614 PRT 127 Hart Scientific 07/16/04
35.00°C 7310 Water bath 012 Folyscience 5614 PRT . 127  Hart Scientific 07/16/04

ICL CALIBRATION LABORA TORIES, INC.

An ISOAEC 17025 & ANSINCY, 2-540-1 sccreditad feboratory - Americen Association for Laboratory Accreditation Certificate #526.01

J. JEFF KELLY, [TECHNICAL DIREETOR

DEBORAH M. EBER, A.S.C.P. ACCREDITED TECHNOLOGIST
BRUCE MARKEY, V.P. TE CHNICAL SERVICES This document prepared b ¥ LORI PARR and reviewed by KAREN ALLEBORN

DATE REPORT ISSUED: 02-23-2004 RECOMMENDED ® RECALIBRATION DATE: February 23, 2005

*NIST GMP-11 (Mar '03), ‘Good Measurement Practice for Assignment and A
‘Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from accepted values’,

Table 4 of GMP-11 recommends recalibration of liquid-in-glass thermometers, standard thermistors and PRTs at 12 month intervals.
Ligquid-in-glass thermometers used for ‘Temperature Critical Parsmeters’ should be recalibrated at 6 month intervals. NIST GMP-11 is
available for download in Adobe . pdf format on our website at www., icllabs.com Follow the link for ‘Downloads ",

djustment of Calibration Intervals for Standards’ states tha t,

*The APl ‘Manual of Pstroleum Measuremsnt Standerds’, Chepter 7, June, 2001, specifies a 12 month recalibration in terval for
liquid-in-glass thermometers fsee section 8.3/ and for portabie slectronic thermometers {PETs). See section 8.2

The user shoutd be aware that

any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has axpired,

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.

This report applies only to the item calibrated.

SERIAL NUMBER: 091797 REPORT NUMBER: MB120378 PAGE 2 OF 2




ICL CALIBRATION LABORATORIES, INC. | em

CERY B 526.01

ISO/IEC 17025 and ANSI/NCSL Z540-1 accredited 1501 Decker Avenue  Sulte 118 Stuart, FL 34994 USA
The specialists in ASTM and laboratory thermometers & hydrometers Tol: 772 286 7710 1-800-713-8647

X Fax: 772 286 8737 E-maill. jeff@icilabs.com
Members: ASTM NCSL ASQ NCWM Intemet: www.iclabs.com

. - 4 . ! ,
Selting new standards in calibration excelience! Finid : Caguas, PR Tel: 767 206 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL"S ISOAEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOVY. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/EC 1 7025, ANSI/NCSL Z540-1-1894, MIL-STD 456624,

THE 1SOS000, AND THE Q58000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION: D oy
WASHINGTON STATE PATROL
811 EAST ROANOKE EXHIBIT NO--Z-L
SEATTLE, WA 98102 q,q_ox./.

. . M. Green
PURCHASE ORDER NUMBER:

SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CALIBRATION: 01-21-2004
INSTRUMENT DESCRIPTION: SRy

Serial No: 091798  Inscription: GUTH LABS INC.  Date report issusd: 01-22-2004  Scale: Celsius {Centigrads)

. . _..." (‘
P anonist

DIGITAL THERMOMETER Scale range: 29.5/38.5C  Scale divisions: .01 °C Immersion: PROBE
MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

ﬁESUL TS OF PHYSICAL EXAMINATION: .

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THA TLA'LL SYSTEMS WERE FUNCTIONAL.
NOTE: Battery checked prior to calibration and is in satisfactory state of chargs.

CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM E-77, E-220 and £-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND' READING "AS LEFT’ READING | CORRECTION EXPANDED UNCERTAINTY (K=2)

33.00°C 33.00°C 33.00°C. 0.00°C - 0.023°C
34.00°C 34.00°C 34.00°C 0.00°C 0.023°C
35.00°C 35.00°C 35.00°C 0.00°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.079C; a8t 0C, +/- 0.006C; at
0.01C (TPW), +/-0.003C; from 0.01 to 105C, +/-0.020C; from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C; from 300 to 470C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULA TED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1287 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED 'GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT", COMMONLY REFERRED TO AS THE ‘GUM’. A COVERAGE FACTOR OF 2 SIGMA (K=2) HAS BEEN -
APPLIED TQ THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS' TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01°C,-HAS BEEN FACTORED INTO THE CALCULA TION.

THE EXPANDED UNCERTAINTIES (K =2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATOR Y, (2} DRIFT OF THE
INSTRUMENT, (3} HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER,

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 650%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 {f 73-90/

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL. OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNQT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
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ARE BEYOND OUR CONTROL,

THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRA CEAB{U TY INFORMATION
The NIST primary reference standard(s), transfer standsrd(s} and, (if applicablel, comparstor(s) used in this test are listad below:

TEMP: 33.00°C Reference: NIST SPRT S/N 0159, Transfer standards: 537360 & 576776 Comparator: PolyScience water bath MTE-08
TEMP: 34.00°C Roeference: NIST SPRT S/N 0158, Transfer standards: 537360 & 576776 Compesrator: PolyScisnce waster bath MTE-06
TEMP: 35.00°C Reference: NIST SPRT S/N 0158, Transfer standards: 537360 & 576778 Comparator: PolyScience water bath MTE-06

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE I8 A HART SCIENTIFIC MODEL 5638 25.5 OHM SPRT, CALIBRATED
BY NIST IN OCTOBER, 2003. NIST GMP-171 SPECIFIES A THREE YEAR CALIBRATION INTERVAL FOR SPRTs. ALL PRT TRANSFER § TANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JANUARY OF 2004, AND ARE ON A SIX MONTH CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K=2) PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 to 0.01C: +/- 0. 00015C;
0.01C: +/-.00002C; >0 to 231.928C: +/- 0.00024C; >231.828C to 419.627C: +/. 0.00041C.

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSI/NCSL 2-540-1 accraditad laboratory - A i A fation for Lab ¥ Accredftation Certificate #526.01

J. JEFF KELLY. TECHMICAL DIREGTOR K CZQM
DEBORAH M. WEBER, A.S.C.P. ACCREDITED TECHNOLOGIST Ly o
BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN
DATE REPORT ISSUED: 01-22-2004 RECOMMENDED RECALIBRATION DA TE: January 22, 2005

NIST GMP-171 (Mer 03], ‘Good Measurement Fractice for Assignment and Adjustment of Calibration Intervals for Standards’ statas that,
‘Temparature stendards are dynamic with use. Shock, contamination and other factors can cause drift from accepted valuss’,

Table 4 of GMP-11 recommends recalibration of liquid-in-glass thermometers, stendard thermistors and PRTs at 12 month intervals,
Liquid-in-glass thermometers used for ‘Temperature Critical Perameters’ should be recalibrated at 6 month intervals.

NIST GMP-11 is available in Adobe «pdf format on our website at www.icllabs.com Follow the link for ‘Downloads”,

The AFI ‘Manusi of Patroleurn Measurement Standsrds’, Chapter 7, June, 200 1, specifies 8 12 month racalibration interval for
glass thermomsters (see P. 8.5} end for portable electronic thermometers (ses P.8.2).

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc,
This report applies only to the item calibrated.

SERIAL NUMBER: 091798 REPORT NUMBER: MA119872 PAGE 2 OF 2



ICL CALIBRATION LABORATORIES, INC.

CERAT 0 526

ISO/IEC 17025 and ANSI/NCSL Z540-1 accredited e e 177 288 7710 18007 13,8047

Tel: 772 286 ~800-
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Setting new standards in calibration exceflence! Fieid office: Caguas, PR Tel: 77 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

Report No, MG123292 Page 1 of 2

THIS IS TQ CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERA TURE EQUIPMENT AVAILARLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE Wi THICL'S ISO/EC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/EC 17025, ANSI/NCSL Z540-1-1994, (WHICH

SUPERCEDED AND REPLACED MIL-STD 456624}, AND THE 1SO-8000 AND 05-3000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:

WASHINGTON STATE PATROL Dernar i 4

811 EAST ROANOKE

SEATTLE, WA 987102 EXH:;B%NO},/.@'
~4-0

PURCHASE ORDER NUMBER: M. Green

SUBMITTED BY: WASHINGTON STATE PATROL  DATE RECEIVED FOR CALIBRATION: 07-01-2004
INSTRUMENT DESCRIPTION;

Serial No: 091798 Inscription: GUTH LABS INC. Date report issued: 07-07-2004 Scale: Celsius {Centigrade]

Yoy
DIGITAL THERMOMETER Scale range: 29.5/38.5C Scale divisions: .01 °C Immersion: PROBE aREL

MODEL NO: 4300 ACCURACY TOLERANCE! +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PRYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFA CTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM E-77, £-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND’ READING '"AS LEFT" READING CORRECTION EXPANDED UNCERTAINTY (K=2]
33.000°C 33.00°C 33.00°C 0.00°C 0.023°C
34.000°C 34.00°C 34.00°C 0.00°C 0.023°C
35.000°C 34.95°C 34.99°C 0.01°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

QUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.019C; at 0C, +/- 0.006C; at
0.01C [TPW). +/-0.003C; from 0.07 to 105C, +/.0.020C: from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C: from 300 to 470C,
+/-0.058C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HA VE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED ‘GUIDE TO THE EXPRESSION GOF

UNCERTAINTY IN MEASUREMENT’, COMMONLY REFERRED TO AS THE 'GUM", A COVERAGE FACTOR OF 2 SIGMA (K=2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL, :

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS’ TABLE MAY 8E LARGER THAN OQUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO 8 0.01 °C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2} REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2} DRIFT OF THE
INSTRUMENT, (3} HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED 8Y THE INTERNATIONAL TEMPERATURE SCALE OF 1990 {175-50)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TQ THE FROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WA TER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFOARMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.

THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. \WEBER
THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TESTIS A LIMITED CALIBRATION AND



ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/CR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

This calibration is traceable to NIST through a direct chain of comparisons.

The MNIST primary reference standard(s), transfer standard(s) and comparator(s) utilized in the performance of th

Ou.f NIST primary reference thermometer from -196 to 420C is 8 Hart Scientific model# 5699, 25.5 Ohm SPRT, serial na. 0158,
calibrated by NIST on October 7, 2003. NIST GMP-

: 11 recommends a 36 month calibration cycle for SPRTs. Transfer standards PRTs
are calibrated against this reference standard semi-annuall

/ y; ASTM liquid-in-glass transfer standards are calibrated annually.
Our primary rqference thermometer for temperatures from 420 to 1000C is @ Hart Scientific Type 'S’ thermocouple sensor, serial
no. 8112, calibrated by Hart Scientific on January 73, 2003. This standard is on a 24 month calibration cycle.

Test Point  Comparator MIEY  Manufaciurer Transfer Standard ~ MTE#  Manufacturer Nexf Due
33.000°C 7310 water bath 006 PolyScience 5614 PRT 576776 130 Hart Scientific 07/16/04
34.000°C 7310 water bath 00§ PolyBclence $614 PRT 576776 130 Hart Scientific 07/16/04
35.000°C 7310 water bath 006 PolyScience 5614 PRT 576776 130 Hart Scientific 07/16/04

ICL CALIBRATION LABORATORIES, INC.

An ISOAE 25 & ANSUNCY. Z-520-1 accradited lsboratory - American Association for Ladoratory Accreditation Certificate #526.01

J. JEFF KELLY! TECHNICAL DJRQ‘TOR /(

DEBORAH MY WEBER, A.S.C.P. ACCREDITED TECHNOLOGIST AM Gt~

BRUCE MARKEY, V.P. TECHNICAL SERVICES This document preparad by LOR! PARR and reviewed by KAREN ALLEBOAN

DATE REPORT ISSUED: 07-G7-2004 RECOMMENDED * RECALIBRATION DATE: July 07, 2005

*NIST GMP-11 (Mar ‘03], ‘Good Measurement Practice for Assignment and Adjustment of Celibration Intervals for Standards’ states that,
‘Temperature standards are dynamic with use. Shock, contamination and other factors cen cause drift from accepted values’.

Table 4 of GMP-11 recommends recalibration of figuid-in-glass thermometers, standsrd thermistors and PRTs at 12 month intervels.
Liquid-in-glass thermometers used for ‘Temperature Critical Parameters’ should be recalibrated at & month intervals. NIST GMP-11is
available for download in Adobe -pdf format on our website at www.icllabs.com Follow the link for "‘Downloads’.

*The AP( "Manual of Petroleum Moasurement Standards’, Chapter 7. June, 2001,

specifies 8 12 month recalibration intervsl for
liquid-in-glass thermomaeters (sse section 8.3) and for portable electronic thermom

eters (PETs). See section 8.2

The user should be aware that an

y number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired,

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.

This report applies only to the item calibrated.

Report No. MG123292  Page 2 of 2
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REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVA ILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDA NCE WITH ICL'S ISO/IEC 17025 CALIBRATION PROCEDURE

AEFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMEN 75 OF ISOMEC 17025, ANSI/NCSL Z540-1-1994, fWHICH
SUPERCEDED AND REPLACED MIL-STD 456624, AND THE 150-3000 AND QS-8000 SERIES OF QUALITY STANDARDS,

CUSTOMER INFORMATION:

WASHINGTON STATE PATROL
8771 EAST ROANOKE
SEATTLE, WA 98702

Demarye
EXHIBIT NO..22.

9--0up

M. Green

PURCHASE ORDER NUMBER:
SUBMITTED BY: WASHINGTON STATE PATROL
INSTRUMENT DESCRIPTION:

Serial No: 091799

DATE RECEIVED FOR CALIBRATION: 03-26-2004

Inscription; GUTH LABS INC. Date report issued: 03-31-2004  Scale: Celsius {Centigrade}

-

o
g

DIGITAL THERMOMETER  Scale range: 29.5/38.5C  Scale divisions: .01 °C Immersion: PROBE

MODEL NO: 4300 ACCURACY TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL
RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT AlLL SYSTEMS WERE FUNCTIONAL,
CALIBRATION PROCEDURE USED: icL Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘A8 FOUND® READING ‘AS LEFT' READING CORRECTION EXPANDED UNCERTAINTY (K = 2
33.00°C 33.00°C 33.00°C 0.00°C 0.023°C
34.00°C 34.9Q0°C 34.00°C 0.00°C 0.023°¢C
35.00°C 35.00°C 35.00°C 0.o00°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.019C; at 0C, +/- 0.006C, at

C.01C (TPW), +/.0.003C; from 0.01 to 105C, +/0.020C; from 105 to 200C, +/- 0.030C; from
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED

200 1o 300C, +/- 0.049C; from 300 to 410C,
UTILIZING THE METHODS FLABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED "GUIDE TO THE EXPRESSION OF
UNCERTAINTY IN MEASUREMENT", COMMONLY REFERRED TO AS THE ‘GUM’. A COVERAGE FACTOR OF 2 SIGMA (K=2} HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%

CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01 °C, HAS BEEN FACTORED INTO THE CALCULA TION.

THE EXPANDED UNCERTAINTIES (K =2/ REPORTED HERE DO NOT CONTAIN ES TIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2} DRIFT OF THE
INSTRUMENT, (3] HYSTERESIS OF THE INSTRUMENT, OR (4] ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/ 2°C RELATIVE HUMIDITY.: BETWEEN 40% AND 60%

ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE IN TERNATIONAL TEMPERATURE SCALE OF 1990 (1TS-80)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERA TURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WA TER, OIL, OR OTHER MATERIAL. OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORA TORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE LXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH

ARE BEYOND OUR CONTROL.

Oames 4 ~f 7D



THIS CALIBRATION wAS PERFORMED BY: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TESTIS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard(s), transfer standard(s) and comparator(s) utilized in the performance of this calibration are listed below:

Qur NIST primary reference thermorneter from -196 to 420C js a Hart Scientific model# 5699, 25.5 Ohm SPRT, serial no, 0159,
calibrated by NIST on October 7, 2003. NIST GMP-1} recommends a 36 month calibration cvcle for SPRTs. Transfer standards PRTs
are calibrated against this reference standard semi-annually; ASTM liquid-in-glass transtor stendsrds are calibrated annuaily,

Our primary reference thermometer for temperatures from 420 to 1000C is & Hart Scientific Type *S* thermocouple sensor, serial

no. 8112, calibrated by Hart Scientific on Janusry 13, 2003, This standard is on a 24 month calibration cycle. .

TestPoint  Comparator MTE# Manufacturer Transfor Standard  MTE#  Manufacturer Noxt Due
33.00°C 7310 Water bath 012 Polyscience 5614 PRT 129 Hart Scientific 07/16/04
34.00°C 7310 Water bath 012 Polyscience 5614 PRT 129 Hart Bcientific 07/16/04
35.00°C 7310 Water bath 012 Polyscience 5614 PRT 129 Hart Scientific 07/16/04

ICL CALIBRATION LABORA TORIES, INC.

An ISOAEC 17025 & ANSVN@Z—S&:O—! accredited lsboratory - American Associstion for Laboratory Accreditation Certificate #526.01

J. JEFF KELLY, Ecémciu DIRECTOR
DEBORAM M. EBER, A.8.C.P. ACCREDITED TECHNOLOGIST XL N7
BRUCE MARKEY, V.P. TECHNICAL SER VICES . This document prepared by LORI PARR and reviewed by KAREN ALLEFBORN

DATE REPORT ISSUED: 03-31-2004 RECOMMENDED* RECALIBRATION DATE: March 31, 2005

*NIST GMP-11 (Mar 03}, "Good Measurement Practice for Assignment and Ad

ljustment of Calibration Intervals for Standards’ states that,
‘Tempersture standards are dynamic with use. Shock, contamination and other factors can cause drift from sccepted values”,

Table 4 of GMP-11 recommends recalibration of liquid-in-glass thermometers, standard thermistors and PRTs at 12 month intervals.
Ligquid-in-glass thermometers used for ‘Temperature Critical Parametars’ should be recalibrated at 6 month intervals. NIST GMP-11 is
available for download in Adobe .pdf format on our website at www.icllabs.com Follow the link for "Downloads”,

*The APl ‘Manual of Petroleum Measurement Stsndards’, Chapter 7, June, 2001, specifies a 12 month recalibration interval for
liquid-in-glass thermomaeters (see saction 8.3/ and for portable elsctronic thermometers (PE Ts). Sae section 8.2

The user should be sware that an
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Cafibration Laboratories, Inc.

This report applies only to the item calibrated.

.SERIAL NUMBER: 051799 REPORT NUMBER: MC121152 PAGE 2 OF 2
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ISO/IEC 17025 and ANSUNCSL Z540-1 accreditod 1501 Decker A"e“u_?_els_;’;tg ;gg ?7%3“'1%0%‘%;,684?
Ihe specialists in ASTM and laboratory th & hydrometers . : 0-
- S mbore, A Cratory thermometers & hydromete Fax: 772 286 8737 E-mail: jeft@icllabs.com

internet: www.icllabs.com

Setting new standards in calibration excelience!
¢ st S i caliora el Fiold office: Caguas, PR Tol: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRA TION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT A VAILABLE, AGAINST NIST
CALIBRATED FRIMARY REFERENCE § TANDARDS, IN ACCORDANCE WITH ICL"S ISO/EC 17025 CALIBRA TION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSINCSL Z540-1-1994, MIL-STD 456624,
THE ISO9000, AND THE Q59000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION: D: ma (e
WASHINGTON STATE PATROL

811 EAST ROANOKE EXHIBIT NO.QJIJ;
SEATTLE, WA 98102 q-g -0t~

M. Green

Y U,
JRPT L ot
i -,

PURCHASE ORDER NUMEBER:
SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CALIBRATION: 03-28-2003 L - “" . "”' .1 "“
INSTRUMENT DESCRIPTION: ol
Serial No: 091799  Inscrigtion: GUTH LABS INC. Date report issued: 04-02-2003  Scale: Celsius {Centigrade}
DIGITAL THERMOMETER Scale range: 29.5/38.8C  Scale divisions; .01 °C Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/ 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFAC TORY AND |T APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL,
CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND' READING ‘AS LEFT READING CORRECTION EXPANDED UNCERTAINTY (K =2)
33.00°C 33.04°C 33.00°C ¢.00°C 0.023°C
34.00°C 34.04°C 34.00°C 0.00°C 0.023°C
35.00°C 35.04°C 35.00°C ¢.00°C 0.023°¢C

THE 'AS FOUND' READINGS WERE NOT WITHIN THE TOLERANCE STATED ABOVE AND THIS INSTRUMENT WAS ADJUSTED ACCORDINGLY.
THE NEW VALUES ARE SHOWN IN THE 'AS LEFT* COLUMN IN THE ABOVE TABLE, :

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.0718C; at OC, +/- 0.006C; at
0.01C (TPW), +/-0.003C; from D.07 to 105C, +/-0.020C; from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.0459C; from 300 to 410C,
+/-0.056C; from 410 to 1000C, +/- 1.2C, THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODOLOGY ELABORATED
IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 DOCUMENT ENTITLED ‘GUIDE TQ THE EXPRESSION OF
UNCERTAINTY IN MEASUREMENT, COMMONLY REFERRED TO AS THE 'GUM’. A COVERAGE FACTOR OF 2 SIGMA (K=2} HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TQ EXPRESS THE EXPANDED UNCERTAINTY A T APPROXIMATELY A 95%
CONFIDENCE LEVEL,

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS' TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORA TORY, (2] DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INSTRUMENT, OR (4] ANY MEASUREMENT UNCERTAINTIES INTRODULCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE; 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN #0% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (ITS-80)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OiL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORA TORIES, INC.
AEPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.

Page 1of 2




THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard(s), transfer standard(s) and, {if applicable), comparator(s) used in this test are fisted below:

TEMP:  33.00°C Reference: NIST SPRT S/N 1 085, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-22
TEMP: 34,00°C Reference: NIST SPRT S/N 1085, Transfer stendards: 537360 & 24453 Comparator: PolyScience water bath MTE-O6
TEMP; 35.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-22

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER (SPRT), CALIBRATED
BY NIST IN APRIL, 2002. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT iN JANUARY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL. LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2002 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K =2} PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 1o <0C: +/- 0.0023C;
0.01C: +/.0074C; >0 10 95C: +/ 0.0024C; > 85C ta 300C: +/- 0.0048C; > 300 to 420C: +/- 0.0075C

/CL CALIBRATION LABORATORIES, INC.

An IS04EC 17025 & ANSI/NC.ﬁ-Sw- I accradited laboratory - American Association for Leboratory Accraditation Certificate #526.0 .

J. JEFF KELLY, C/NICAL DIRECTOR VW\J\ZQA@
DEBORAH M. WEBER, A.5.C.P. ACCREDITED TECHNOLOGIST
y MICHAECHELLY

BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed b

DATE REPORT ISSUED: 04-02-2003 RECOMMENDED RECALIBRATION DATE: Aprif 02, 2004

NBS GMP-11, ‘Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Standards’ states that,
‘Temperature standsrds are dynamic with use. Shock, contamination and other factors can cause drift from sccepted values.’
GMP-11, P4 recommends recalibration of liguid-in-glass thermometers and 100 ohm PRTs &t & month intervais for ‘Temperature
Critical Parameters’, or 12 month intervals for thermometers used for "Secondary Parsmeters”,

The APl ‘Manual of Petroleum Measursment Standards’, Chapter 7, June, 2001, specifies 8 12 month recalibration interval for
glass thermometers (see P. 8.3) and for portable electronic thermometers (see P.8.2).

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired,

This Report of Test may not be reproduced except in fulfl without the axpress written permission of ICL Calibration Laboratories, Inc.
This report applies only to the item calibrated,

SERIAL NUMBER: 091799 FAGE 2 OF 2
REPORT NUMBER: LC114520




ICL CALIBRATION LABORATORIES, INC.

CEAT & 526.01

ISO/IEC 17025 and ANSUNCSL Z540-1 accredited 1501 Decker Avenue  Sulte 118 Stuart, FL 34984 USA
The specialists in ASTM and laboratory thermometers & hydrometers Tel: 7722686 7710 1-800-713-6647

Members: ASTM NCSL ASQ NCWM Fax: 772 286 8737,,5;;,‘,2{'.’3::“,"@”,'3}:‘;‘;-@

. . T ,
Setting new standards in calibration excellence! Fioid offis: Caguas, PR Tel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILA BLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDA NCE WITH ICL’S ISO/IEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL Z540-1- 7894, MIL-STD 456624,
THE 1SOS000, AND THE QSS000 SERIES OF QUALITY STA NDARDS.

CUSTOMER INFORMATION: i

; Dernar re
WASHINGTON STATE PATROL .
877 EAST ROANOKE EXHIBIT NO..a_
SEATTLE, WA 98102 q '(/-OLf
PURCHASE ORDER NUMBER: M. Green

SUBMITTED BY: WASHINGTON STATE PATROL  DATE RECEIVED FOR CALIBRATION: 01-21-2004
INSTRUMENT DESCRIPTION:

Serial No: 091800  nscription: GUTH LABS INC. Data report issued: 01-22-2004  Scale: Celsius {Centigrade)

DIGITAL THERMOMETER  Scale range: 29.5/38.5C  Scale divisions: .01 °C Immersion: PROBE
MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND /T APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
NOTE: Battery checked prior to calibration and is in satisfactory state of charge.

CALIBRATION PROCEDURE USED: icL Procedure 04, which is drawn from ASTM £-77, £-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND' READING 'AS LEFT’ READING - CORRECTION EXPANDED UNCERTAINTY (K=2]
33.00°C 33.01°¢C 33.01¢°C -0.01°C 0.023°C
34.00°¢C 34.01¢°¢C 34.01°¢C -0.01°C ¢.023°C

35.00°C 35.01°cC 35.01°¢C -0.01°C 0.023°C
NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/~0.018C; at0C, +/ 0.006C; at
0.01C (TPW), +/-0.003C; from 0.07 to 105C, +/-0. 020C; from 105 to 200C, +/--0.030C: from 200 to 300C, +/- 0.049C; from 300 to 4710C,
+/-0.056C; from 410 to 1000C, +/ 1.2C. THESE UNCER TAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT 2-540-2 ENTITLED 'GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT’, COMMONLY REFERRED TO AS THF ‘GUM’, A COVERAGE FACTOR OF 2 SIGMA (K= 2} HAS BEEN
APRPLIED TO THE STANDARD UNCER TAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT AFPROXIMA TELY A 95%
CONFIDENCE LEVEL,

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INS TRUMENT, ESTIMATED TO BE 0.07°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K= 2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1} ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2] DRIFT OF THE
INSTRUMENT, (3] HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERA TbRE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS-REPORT ARE THOSE DEFINED BY THE INTERNA TIONAL TEMPERATURE SCALE OF 1990 (ITS-90)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS 1S DEFPENDENT ON ALL COMPONENTS

FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CA BLE

ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WA TER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES

SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC,

REFRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER

CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MA Y BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
Page 1of 2



ARE BEYOND OUR CONTROL.

THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard(s), transfer standardis) and, {if app:ﬁcabfe}, comparator(s) used in this test are listed below:

TEMP:  33.00°C Reference: NIST SPRT S/N 0158, Transfer standards: l537360 & 576776 Comparator: PolyScience water bath M TE-O8

TEMP:  34.00°C Reference: NIST SPRT S/N 0158, Transfer standards: 537360 & 576776 Comparator: PolyScisnce water bath MTE-Q6

TEMP:  35.00°C Reference: NIST SPRT S/N 0 158, Transfer stendards: 537360 & 576776 Comparator: PolyScience water bath MTE-06

THE NIST REFERENCE THERMOMETER REFERRED TQO ABOVE IS A HART SCIENTIFIC MODEL 56589 25.5 OHM SPRT, CALIBRATED

BY MIST IN OCTOBER, 2003. NIST GMP-11 SPECIFIES A THREE YEAR CALIBRATION INTERVAL FOR SPRTs. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JANUARY OF 2004, AND ARE ON 4 SIX MONTH CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES {K =2) PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 to 0.07C: +/ 0.00015C;
0.07C: +/.00002C; >0 10 231.928C: +/- 0.00024C; >231.928C to 419.527C +/- 0.00041C.

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANS@SL 2-540-1 accreditsd laboratory - American Associstion for Laboratory Accreditation Cartificate #526.01

J. JEFF KELLY/ réHMCAL DIREFTOR /( 2o v

DEBORAH M WEBER, A.S.C.P. ACCREDITED TECHNOLOGIST

BRUCE MARKEY, V.P. TECHNICAL SER VICES This document prepared by LOR! PARR and reviewed by KAREN AL EBORN
DATE REPORT ISSUED: 01-22-2004 RECOMMENDED RECALIBRATION DATE: Janvary 22, 2005

MNIST GMP-TT {Mar '03), ‘Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Standards” states that,
‘Tempersture standards are dynamic with use, Shock, contamination and other factors can cause drift from accepted values’,

Table 4 of GMP-11 recommends recalibration of liguid-in-glass thermometers, standsrd thermistors snd PRTs at 12 month intarvais.
Liguid-in-glass thermometers used for ‘Ternperature Critical Parametars”’ should be racalibrated at 6§ month intervals.

NIST GMP-11 is available in Adobe -pdf format on our website st www.icllabs.com Follow the link for ‘Do wipads "

The API ‘Manual of Petroleum Measurement Standards , Chapter 7, Juns, 2001, specifies & 12 month recatibration intervel for
glass thermometers (see P. 8.3) and for portabls electronic thermometers (see F.8.2).

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired. .

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.
This report applies only to the item calibrated,
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ICL CALIBRATION LABORATORIES, INC.

CERT. 0 526.01

ISO/IEC 17025 and ANSI/NCSL Z540-1 accredited 1501 Decker Avenu$ I_S;';t; ; ; g ?;ggﬂ-&f;%ﬁ
(bl - el: -
Ihe specialists "S‘sé’; ﬁf;sM a:g{;mfég'g mf;'gon;’fgf{a & hydrometers Fax: 772 286 8737 E-mail: jefi@icllabs,com -

Internet: www.icllabs.com

Setting new standards in calibration excellence! .
. Fiold office: Caguas, PR Tol: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL'S ISOAEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL Z540-1-1994, MIL-STD 456624,
THE 1809000, AND THE QSS000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:

Lerngrre

EXHIBIT NO.22.
q-9-04

M. Green

WASHINGTON STATE PATROL
8171 EAST ROANOKE
SEATTLE, WA 98102
PURCHASE ORDER NUMBER:
SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CALIBRATION: 03-05-2003

INSTRUMENT DESCRIPTION:

Serial No: 031800 Inscription: GUTH LABS INC.  Date report issued: 03-11-2003 Scale: Celsius (Centigrade/
DIGITAL THERMOMETER  Scale range: 29.5/38.8C  Sceale divisions: .01 °C Immersion: PROBE

MODEL NQ: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL,
CALIBRATION PROCEDURE USED: iCL Procedure 04, which is drawn from ASTM E-77, E-220 end £-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND' READING ‘AS LEFT" READING CORRECTION EXPANDED UNCERTAINTY (K=2)
33.00°C 33.00°C 33.00°C g.00°C 0.023°C
34.00°C 34.00°C 34.00°C 0.00°¢C 0.023°C
35.00°C 35.00°C 35.00°C g.00°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.019C; at OC, +/- 0.006C; at
0.01C (TPW], +/-0.003C; from 0.01 to 105C, +/-0.020C; from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.048C; from 300 to 410C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODOLOGY ELABORATED
IN NIST TECHNICAL NOTE 1297 AND THE ANS/-NCSL DOCUMENT Z-540-2 DOCUMENT ENTITLED ‘GUIDE TO THE EXPRESSION OF
UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TQ AS THE 'GUM'. A COVERAGE FACTOR OF 2 SIGMA (K=2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES {K = 2] REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED 8Y TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2) DRIFT OF THE
INSTRUMENT, {3) HYSTERESIS OF THE INSTRUMENT, OR (4] ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (ITS-80)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS 1S DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE QR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS., ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.
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THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard(s), trensfer standard(s) and, (if applicablel, comparator(s) used in this test are listed befow:

TEMP: 33.00°C Reference: NIST SPRT S/N 1085, Transfer srandards:i53 7360 & 576778 Comparator: PolyScience water bath MTE-O6
TEMP:  34.00°C Reference: NIST SPRT 5/N 1088, Transfer standards: 537360 & 576776 Comparator; PolyScisence water bath MTE-Q6
TEMP: 35.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 537360 & 576776 Comparator: PolyScience water bath MTE-O6

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER {SPAT), CALIBRATED
BY NIST IN APRIL, 2002. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JANUARY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL. LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2002 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K =2) PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS; -795.6 10 <0C: +/- 0. 0023C;
Q.01C: +/-.0014C; >0 1o 95C: +/- 0.0024C; > 95C 10 300C: +/- 0.0048C; > 300 to 420C: +/- 0.0075C

ICL CALIBRATION LABORATORIES, INC.

An ISO/AEC 17025 & ANSUNCSL X.540.1 sccredited laboratory - American Association for Laboratory Accreditation Certificate ¥526.01

J. JEFF KELLY, FECHNICAL DIRECTOR /7/

DEBORAH M. WEBER, A.5.C.P. ACCREDITED TECHNOLOGIST as
BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN

DATE REPORT ISSUED: 03-11-2003 RECOMMENDED RECALIBRATION DATE: March 11, 2004

NBS GMP-11, 'Good Measurement Fractice for Assignmant and Adjustment of Calibration Intervals for Standards” states that,
‘Temperature standards are dynamic with use. Shock, contsmination and other fectors can cause drift from accepted values.”
GMP-11, P4 recommends recsiibration of liquid-in-glass thermometers and 100 ohm PRTs at 6 month intervals for ‘Tempersture
Critical Paramaters’, or 12 month intervals for thermometers used for ‘Secondary Parameters’,

The AFI ‘Manual of Petrolgum Measurement Standsrds’, Chapter 7, June, 2001, specifies a 12 month recalibrstion intervel for
glass thermometers (see P. 8.3/ and for portable electronic thermometers (see P.8.2).

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.
This report applies only to the item calibreted,

SERIAL NUMBER: 091800 FPAGE 2 OF 2
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ICL CALIBRATION LABORATORIES, INC.

CERT #5261

ISO/IEC 17025 and ANSUNCSL Z540-1 accredited 1501 Decker Aveﬂug ;S;;t; ; ; 68 %ﬂ;gftfé 03;57'3; :si?
The specialists i M 28 i: jofi@id
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REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CA LIBRATION L ABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT A VAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL*S ISG/EC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSYNCSL Z540-1- 1994, MIL-STD 456624,
THE 1S03000, AND THE Q59000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:
WASHINGTON STATE PATROL
811 EAST ROANOKE

SEATTLE, WA 98102

PURCHASE ORDER NUMBER:

SUBMITTED BY: WASHINGTON STATE PATROL  DATE RECEIVED FOR CALIBRATION: 09-05-2003
INSTRUMENT DESCRIPTION:

Serial No: 081800  Inscription: GUTH LABS INC.  Date report issued: 09-08-2003  Scale: Celsius {Centigrada)

DIGITAL THERMOMETER  Scale range: 29.5/38.5C  Scale divisions: .01 °C Immersion: PROBE
MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER’'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
NOTE: The on/off touch pad conngction was cleaned prior to cafibration,

CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM E-77, £-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND’ READING ‘AS LEFT’ READING CORRECTION EXPANDED UNCERTAINTY (K=2}
33.00°C 33.00°C 33.00°C 0.00°C 0.023°cC
34.Q00°C 34.00°C 34.00°C 0.00°C 0.023°¢C
35.00°C 35.01°C 35.01°C -0.01°Cc . 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/ 0.015C; at OC, +/ Q.006C: at
Q.07C (TPW), +/-0.003C; from 0.01 to 105C, +/-0.020C; from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C; from 300 to 410C,
+/-0.056C; from 4710 to 1000C, +/ 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1287 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED ‘GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE 'GUM'. A COVERAGE FACTOR OF 2 SIGMA (K=2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS’ TABLE MAY BE LARGER THAN QUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01°C, HAS BEEN FACTORED INTQ THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSFPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, {2) DRIFT OF THE
INSTRUMENT, (3] HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (ITS-90)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OfL, OR OTHER MATERIAL, OR BY LESS QBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THQSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TQ CONDITIONS WHICH
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ARE BEYOND OUR CONTROL.

THIS CALIBRATION WAS PERFORMED 8Y: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard(s), transfer standard(s) and, (if appl}bable}, comparator(s) used in this test are listed befow:

TEMP: 33.00°C Reference: NIST SPRT S/N 1035, Transfer standsrds: 576776 & 24453 Comparator: PolyScience water bath MTE-12

TEMP: 34.00°C Reference: NIST SPRT S/N 1035, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-12

TEMP: 35.00°C Reference: NIST SPRT S/N 1035, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-12

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER (SPRT), CALIBRATED
BY NIST IN JULY, 2003. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JULY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL. LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2003 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K = 2/ PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 1o <0C: +/- 0.0023C;
0.01C: +/-.0014C; >0 to 95C: +/- 0.0024C; > 95C to 300C: +/- 0.0048C; > 300 to 420C: +/- 0.0075C

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSI/NCSL Z-530-1 accradited laboretary - Amarican Association for Laborstary Accraditation Certificats #526.01

J. JEFF KELLY, TECHNICAL DIRECTOR &QQ&Q)M
DEBORAH M. WEBER, A.5.C.P. ACCREDITED TECHNOLOGIST K O Ry,

BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LOR! PARR and reviewed by KAREN ALLEBORN
DATE REPORT ISSUED. (09-08-2003 RECOMMENDED RECALIBRATION DATE: Septernber 08, 2004

NIST GMP-11 (Mar 03}, ‘Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Standards’ states that,
‘Temperature standards are dynamic with use. Shock, contamination and other fsctors can cause drift from accepted values’.

Table 4 of GMP-11 recommends recalibration of liguid-in-glass thermometers, standard tharmistors end PRTs at 12 month intervals.
Ligquid-in-giass thermometers used for ‘Temperature Critical Parameters' should be recalibrated at 6 month intervals.

NIST GMP-11 is available in Adobe .pdf format on our website at www.icliabs.com Follow the link for ‘Downioads’.

The APl ‘Manusl of Petroleurn Measurement Standards’, Chapter 7, June, 2001, specifies & 12 month recalibration interval for
glass thermometers (see P. 8.3) and for portable electronic thermometers (see F.8.2).

The user should be aware that eny number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Tast may not be reproduced except in full without the express written permission of ICL Calibration Laboratoriss, inc.
This report applies only to the item calibrated.
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ICL CALIBRATION LABORATORIES, INC. &

CEAT n526.00
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Internet; www.icllabs.com

Setting new standards in calibration excellence! )
Field office: Caguas, PR Tel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRA TION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMFPERATURE EQUIPMENT A VAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL’S ISO/EC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISC/HEC 17025, ANSI/NCSL Z540-1-1994, MIL-STD 456624,
THE 1508000, AND THE QS8000 SERIES OF QUALITY STANDARDS,

CUSTOMER INFORMATION: ( !ﬂ 7020444

WASHINGTON STATE PATROL
WASHINGTON STATI EXHIBIT NO.2252_
SEATTLE, WA 838102 q B 4

M. Green

PURCHASE ORDER NUMBER:
SUBMITTED BY: WASHINGTON STATE PATROL ~ DATE RECEIVED FOR CALIBRATION: 03-05-2003
INSTRUMENT DESCRIPTION:

Seriaf No: 0918071  Inscription: GUTH LABS INC.  Date report issued: 03-11-2003  Scale: Celsius [Centigrade)
DIGITAL THERMOMETER Scale range: 29.5/38.5C Scale divisions: .01 °C Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
CALIBRATION PROCEDURE USED: iCL Procedure D4, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE "AS FOUND' READING ‘AS LEFT’ READING CORRECTION EXPANDED UNCERTAINTY {K=2)
33.00°C 33.00°C - 33.,00°C 0.00°C 0.023°C
34.00°C 34.00°C 34.00°C 0.o00°C 0.023°C
35.00°C 35.00°cC 35.00°C 0.00°C 0.023¢°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/ 0.019C; a1 0C, +/ 0.006C; at
0.01C (TPW), +/-0.003C; from 0.01 to 105C, +/-0.020C; from 105 to 200C, +/- 0.030C: from 200 to 300C. +/- 0.049C; from 300 to 410C.
+/-0.086C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODOLOGY ELABORATED
IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 DOCUMENT ENTITLED "GUIDE TO THE EXPRESSION OF
UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE 'GUM’'. A COVERAGE FACTOR OF 2 SIGMA fK=2} HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A $5%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.071°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2} REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BF
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY., (2] DRIFT OF THE
INSTRUMENT, {3) HYSTERESIS OF THE INSTRUMENT, OR {4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (IT5-50)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS 1S DEPENDENT ON ALL COMPONENTS
FUNCTIONING FROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.
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THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS,

TRACEABILITY INFORMATION
The NIST primary reference standard(s}, transfer standard(s) and, (if applicable], comparator(s] used in this test are listed below:

TEMP; 33.00°C Reference; NIST SPRT S/N 10885, Transfer standards: 537360 & 576776 Comparator: PolyScience water bath MTE-O6
TEMP: 34.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 537360 & 576776 Comparator; PolyScience water bath MTE-06
TEMP: 35.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 537360 & 576776 Comparator: PolyScisnce water bath MTE-06

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER (SFPRT), CALIBRATED
BY NIST IN APRIL, 2002, ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JANUARY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL. LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2002 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K =2) PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 10 < 0C: +/- 0.0023C;
0.01C: +/-.0014C: >0 10 95C: +/- 0.0024C; >95C to 300C: +/- 0.0048C; > 300 to 420C: +/ 0.0075C

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSI/NCSL Z-§40D-1 accredited laboratory - American Associgtion for Laboratory Accreditation Certificate ¥526.071

L—‘/C- {/L/Z—
J. JEFF KELLY, THCANICAL DIRE CT(;? / 4
DEBORAH M. \ BER, A.S.C.P. ACCREDITED TECHNOLOGIST . /( CIRG C@(Z@/ﬁ
BRUCE MA R? . V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN
DATE REPORT ISSUED: 03-11-2003 RECOMMENDED RECALIBRATION DATE: March 11, 2004

NBS GMP-11, "Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Standsrds’ states that,
‘Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from accepted values.”’
GMP-11, P4 recommends recalibration of liquid-in-glass thermometers and 100 ohm PRTs at 6 month intervals for ‘Temperature
Critical Parameters’, or 12 month intervals for thermometers used for ‘Secondary Parameters”.

The APl 'Manual of Petroleum Measurement Standards’, Chapter 7, June, 2001, specifies a 12 month recalibration interval for
glass thermometers (see P. 8.3] and for portable electronic thermomaeters fsee P.8.2).

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.
This report applies only to the item calibrated.

SERIAL NUMBER: 0918071 PAGE 2 OF 2
REPORT NUMBER: LC114159 :



ICL CALIBRATION LABORATORIES, INC. e

CERT w 526.0+

ISO/IEC 17025 and ANSI/NCSL 2540-1 accredited 1501 Decker Avenue  Suile 118 Stuart, FL 34984 USA
The specialists in ASTM and laboratory thermometers & hydrometers Yol 772 286 7710 1-800-713-6647

Fax: 772 286 8737 E-mail: jeft@icliabs.com
internet: www.icliabs.com

Fiold office: Caguas, PR Tel 787 286 7448

Members: ASTM NCSL ASQ NCWM
Seftting new standards in calibration excellence!

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORA TORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMEN T AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REEERENCE STANDARDS, IN ACCORDANCE WiTH ICL'S ISO/IEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL 2540-1-1994, MIL-STD 456624,
THE IS09000, AND THE QS9000 SERIES OF QUALITY STANDARDS,

CUSTOMER INFORMATION-

WASHINGTON STATE PATROL
871 EAST ROANOKE

EXHIBIT NO.2Z_
SEATTLE, wA 88702 q . q_o‘yL

PURCHASE ORDER NUMBER: M. Green

SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CALIBRATION: 03-11-2004
INSTRUMENT DESCRIPTION:

' oI

HENCEALLE

Serial No: 09718071 Inscription: GUTH LABS INC,  Date report issued- 03-15-2004 Scals: Celsius [Centigrade)

DIGITAL THERMOMETER Scale range: 29.5/38.5¢C Scale divisions: .01 °C Immersion- FPROBE

MODEL NO: 4300 TOLERANCE: +/. 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINA TION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THA T ALL SYSTEMS WERE FUNCTIONAL.
CALIBRATION PROCEDURE USED: 1ct Procedure 04, which is drawn from ASTM £-77, £-220 snd £-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND’ READING ‘AS LEFT" READING CORRECTION EXPANDED UNCERTAINTY (K =2/
33.00°¢C 33.01°¢C 33.01°¢ -0.01l°C 0.023+C
34.00°C 34.01¢C 34.01°¢ -0.01°¢C 0.023°C
35.00°C 35.01°C 35.01°¢C -0.01°¢C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

-OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 1o OC, +/0.019C; 8t 0C, +/ 0. 006C; at
0.01C (TPW), +/0.003C; from 0.01 10 | 05C, +/-0.020C; from 105 1o 200C, +/- 0.030C: from 200 to 300C, +/- 0.049€; from 300 1o 410C.
+/-0.066C; from 410 to 1000C. +/ 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULA TED UTILIZING THE METHODS ELABORA TED
IN NIST TECHMICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z2-540-2 ENTITLED 'GUIDE TO THE EXPRESSION OF
UNCERTAINTY IN MEASUREMENT", COMMONLY REFERRED TO AS THE 'GUM". A COVERAGE FA CTOR OF 2 SIGMA (X =2{ HAS BEEN
AFPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCER TAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL,

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS" TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMEN T. ESTIMATED TO BE  0.01°C, HAS BEEN FA CTORED INTO THE CALCULA TION,

THE EXPANDED UNCER.TAINTIES (K =2] REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER’S LABORATORY, (2} DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INS TRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER,
LABORATORY ENVIRONMENTAL CONDITIONS: TEMFPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 50%

ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (ITS-80)

REPRESENTS THAT THE VALUES INDICATED ABO VE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURA TE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND QUR CONTROL.
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THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A UMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST PO! .

TRACEABILITY INFORMA Tion
The NIST primary reference standard(s), transfer standard(s) and compa

Our NIST primary reference thermometer from -196 to 420C is a Hart Sicisnrr'ﬁc model# 5698, 25.5 Ohm SFPRT, serial no. 0158,
calibrated by NIST on October 7, 2003. NIST GMP-11 recommends a 36 month calibration cycle for SPRTs. Transfer standards PRYs
#re calibrated against this reference standard semi-annually; ASTM liquid-in-glass transfer standards are calii

brated annually.
Our primary reference thermometer for temperaturas from 420 to 1000C is 5 Hart Scientific Type 'S’ thermocouple sensor, serial

TestPoint  Comparator ML Manufacturer Transfer Standard MTEF  Manufachurer Next Due
33.00°C 7310 Water bath 012 Polysclence 5614 PRT 127 Hart Scientific 07/16/04
34.00°C 7310 Water bath 012 Polyscience 5614 PRT 127 Hart Scientific 07/16/04
35.00°C 7310 Water bath 012 Polyscience 5614 PRT 127 Hart Scientific 07/16/04

ICL CALIBRATION LABORA TORIES, INC.

An ISQAEC 17025 & AN%SL Z-540-1 accredited laboratory - American Associstion for Laboratory Accreditation Certificate #5286.01

{ECHNICAL DIRECTOR {

~

. WEBER, A.5.C.P. ACCREDITED TECHNOLOGIST AN

BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORF PARR and reviewed by KAREN ALLEBOARN

DATE REPORT ISSUED: 03-15-2004 RECOMMENDED* RECALIBRATION DATE: March 18, 2005

“NIST GMP-11 (Mar '03), ‘Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Stendards’ states that,
‘Temperature standerds are dynamic with use. Shock, contamination and other factors cen cause drift from accepted values’,

Table 4 of GMP-11 recommends recalibration of liquid-in-glass thermomaeters, standard thermistors end PRTs ar 12 maonth intervals,
Liguid-in-glass thermometers usad for ‘Temperature Critical Parameters’ should be recalibrated at 6 month intervals. NIST GMP-11 is
available for download in Adobe -pdf format on our website at www. icliabs.com Follow the link for ‘Do wriloads’.

*The AP! ‘Manus! of Petroleum Messurement Standards’, Chapter 7, June, 2001, specifies 8 12 month recalibration intervsl for
liquid-in-glass thermometers (see section 8.3/ and for portable electronic thermometers (PE Tsl. See section 8.2

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in fulf without the 8xpress written permission of ICL Calibration Labors tories, Inc.

This report applies only to the item calibrated.

SERIAL NUMBER: 0971801 REPORT NUMBER: MC120863 PAGE 2 OF 2

rator(s) utilized in the performance of this calibrstion are listed below:




ICL CALIBRATION LABORATORIES, INC. woame

ISO/IEC 17025 and ANSUNCSL Z540-1 accredited
The specialists in ASTM and laboratory thermometers & hydrometers

CERT ¥ 526.01

1501 Decker Avenue Suite 118 Sluért, FL 34994 USA
Tel: 772286 7710 1-800-713-6647

Members: ASTM NCSL ASQ NCWM Fax: 772 286 8737 E-mail; jeff@@cllabs.oom
Intemet: www.icllabs.com

Setting new standards in calibretion exceflence!
Fiold office: Ciguas, PR Tel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL’S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT A VAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL'S ISOAIEC 17025 CALIBRA TION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/IEC 17025, ANSI/NCSL Z540-1-1994, MIL-STD 456624,
THE 1SO3000, AND THE Q59000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:

onaarre.
WASHINGTON STATE PATROL .
811 EAST ROANOKE EXHIBIT NO..iO
SEATTLE, WA 98102 Cf-“C]- 0 ‘f

PURCHASE ORDER NUMBER: M. Green

M -
DATE RECEIVED FOR CALIBRATION: 03-05-2003

SUBMITTED BY: WASHINGTON STATE PATROL
INSTRUMENT DESCRIPTION:

Serial No: 031807 Inscription: GUTH LABS INC.  Date report issued: 09-08-2003  Scale: Celsius {Centigrade)
DIGITAL THERMOMETER Scale range: 29.5/38.5C  Scale divisions: .01 °C [mmersion: PROBE

MODEL NQ: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION: |

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
NOTE: The on/off touch pad connection was cleaned prior to calibration.

CALIBRATION PROCEDURE USED: iCL Procedure 04, which is drawn from ASTM £-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND' READING ‘AS LEFT" READING CORRECTION EXPANDED UNCERTAINTY (K=2)
33.00°C 33.00°C 33.4040°C ¢.00°C 0.023°C
34.00°C 34.00°C 34.00°C 0.00°C 0.023°C
35.00°C 35.01°C 35.01°C -0.01°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.018C; at OC, +/- 0.006C; st
0.01C (TPW], +/-0.003C; from 0.01 to 105C, +/0.020C; fram 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C; from 300 to 4710C,
+/0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1287 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED "GUIDE TQO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE ‘GUM'. A COVERAGE FACTOR OF 2 SIGMA (K=2} HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TQ EXPRESS THE EXPANDED UNCERTAINTY AT AFPROXIMATELY A 95%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE 0.07°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXFPANDED UNCERTAINTIES (K=2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
-INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2] DRIFT OF THE
INSTRUMENT, (3] HYSTERESIS OF THE INSTRUMENT, OR (4} ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 19390 (IT5-90)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMFPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOQT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH

Page 1 of 2



ARE BEYOND OUR CONTROL.

THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION
The NIST primsry reference standard(s], transfer standard(s) and, (if spplicable), comparator(s) used in this test are listed below:

TEMP: 33.00°C Reference: NIST SPRT S/N 1038, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-12
TEMP: 34.00°C Reference: NIST SFRT S/N 1035, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-12
TEMP: 35.00°C Reference: NIST SPRT S/N 1035, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-12

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER {SPRT!, CALIBRATED
BY NIST IN JULY, 2003. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JULY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL, LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2003 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K =2} PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 to <OC: +/- 0.0023C:
0.07C: +/.0074C; >0 10 95C: +/- 0.0024C; >95C to 300C: +/- 0.0048C; > 300 to 420C: +/- 0.0075C

fCL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSUNCSL Z-540-1 sccredited lsboratory - Amaricen Associstion for Laboratory Accreditation Certificate #525.07

B lore i TP Ll

J. JEFF KELLY, TECHNICAL DIRECTOR

DEBORAH M. WEBER, A.S.C.P. ACCREDITED TECHNGLOGIST 2 e
BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN
DATE REPORT ISSUED: (9-08-2003 RECOMMENDED RECALIBRATION DATE: September 08, 2004

NIST GMP-11 Mar "03/, ‘Good Measurement Practice for Assignment and Adjustment of Calibration Intarvals for Standards’ states that,
‘Tempersture standards are dynamic with use. Shock, contamination and other factors cen cause drift from accepted values”.

Table 4 of GMP-11 recommaends recalibration of liguid-in-glass thermometers, standsrd thermistors and PRTs at 72 month intervals.
Liquid-in-glass thermometers used for 'Tempearature Critical Parameters’ should be recalibrated st 6 month intervals,

NIST GMP-117 is available in Adobe .pdf format on our website at www.icliabs.com Follow the link for "Downipads’.

The API ‘Manual of Pe!roledm Moasurement Standards’, Chapter 7, June, 2001, specifiss a 12 month recalibration interval for
giass thermometors {see P. 8.3} and for portable electronic thermometers {see P.8.2}.

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the exprass written permission of ICL Calibration Laboratories, inc.
This report applies only to the item calibrated.

SERIAL NUMBER: 091801 REPORT NUMBER: LJT1172380 PAGE 2 OF 2




ICL CALIBRATION LABORATORIES, INC.,

CERT #5260t

ISO/IEC 17025 and ANSINCSL 2540-1 accredited 1501 Decker Avenue  Suite 118 Stuart, FL 34994 USA

The specialists in ASTM and laboratory thermometers & hydromefers
Members: ASTM NCSL ASQ NCWM

Setting new standards in calibration axcellence!

Tel: 772286 7710  1-800-713-6647

Fax: 772 286 8737 E-maif: jeffi@icllabs.com

Intemet: www.icllabs.com

Fisid office: Caguas, PR Tei: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TQ CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED INICL'S CA

USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT ACIJ;AﬁLi BE,ER: GTL?:I’SL'}A/@LOS};A roRY
CALIBRATED PRIMARY REFERENCE § TANDARDS, IN ACCORDANCE WITH ICL 'S ISOAEC 17025 CALIBRATION PROCéDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL 7540-1-1994, (WHICH

SUPERCEDED AND REPLACED MIL-STD 45662A), AND THE 1S0-9000 AND Q5-9000 SERIES OF QUALITY STANDAR;JS.

CUSTOMER INFORMATION:

WASHINGTON STATE PATROL —Oﬁm

811 EAST ROANOKE 5
SEATTLE, WA 98102 EXH%B_I} NSLF.L
PURCHASE ORDER NUMBER: M. Green

SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CALIBRATION: 06-10-2004

INSTRUMENT DESCRIPTION:

Serial No: 091802  Inscription: GUTH LABS INC.  Date report issued: 06-14-2004  Scale: Celsius {Centigrade)

DIGITAL THERMOMETER Scale range: 29.5/38.5C  Scale divisions: .07 °C immersion; PROBE

MODEL NO: 4300 ACCURACY TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL
RESULTS OF PHYSICAL EXA MINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFA CTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONA L.

CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND'" READING ‘AS LEFT' READING CORRECTION
1 33.000°C 33.01°C 33.01°C -0.01°C
34.000°C 34.01°C 34.01°C -0.01°C
35.000°C 35.01°C : 35.01°C -0.01°C

NQ ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

EXPANDED UNCERTAINTY (K=2)

0.023°C
¢.023°C
0.023°C

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -8010 OC, +/- 0.019C; at 0C, +/- 0.006C: at
0.01C (TPW), +/0.003C: from 0.01 to 106C, +/-0.020C; from 105 to 200C, +/- 0. 030C; from 200 to 300C, +/- 0.049C; from 300 to 470C,
+/0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED ‘GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT", COMMONLY REFERRED TO AS THE ‘GUM’. A COVERAGE FACTOR OF 2 SIGMA {K=2] HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY A T APPROXIMATELY A 95%

CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS” TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  G.01 9C, HAS BEEN FACTORED INTQ THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2) REPORTED HERE DO NOT CONTAIN ES TIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2} DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INSTRUMENT, OR (4] ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER,

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELA TIVE HUMIDITY: BETWEEN 40% AND 60%

ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1390 (ITS-90)

MPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WA TER, OIL, OR OTHER MATERIAL, OR BY LESS 0OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC,
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNQT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH

ARE BEYOND OUR CONTROL.
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THIS CALIBRATION WAS PERFORMED BY: DEBORAM M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard(s), transfer standard(s) and comparstor(s} utitized in the performance of this calibration are listed below:;

Qur MIST primary referance thermometer from -196 1o 420C is a Hart Scientific model# 5698, 25.5 Ohm SPRT, serial no. 0159,
calibrated by NIST on October 7, 2003, NIST GMP-11 recommends a 36 month calibration cycle for SPRTs. Transfer standards PRTs
are calibrated against this reference standard semi-annually; ASTM liquid-in-glass transfer standards are calibrated annusliy.

Our primary reference thermometer for temperatures from 420 to 1000C is & Hart Scientific Type ‘S’ tharmocouple sensor, seriaf

no. 9112, calibrated by Hart Scientific on January 13, 2003. This standard is on a 24 month calibration cvcle.

Test Point  Comparator MIEE  Manufacturer Transfer Standard ~ MTE#  Manufacturer Next Due
33.000°C 7310 water bath 00§ Poly8cience 5614 PRT 576776 130 Hart Scientific 07/16/04
34.000°C 7310 water bath 006 PolyScience 5614 PRT 576776 130 Hart Scientific 07/16/04
35.000°C 7310 water bath 006 PolyScience 5614 PRT 576776 130 Hart Scientific 07/16/04
ICL CALIBRATION LABORATORIES, INC.
An 180JEC 1

ANSI/NCSL Z440-1 sceredited laboratory - American Association for Latboratory Accreditation Certificate #526.01

J. JEFF KELLY, JECHNICAL DIRECTO /\}W QM%
DEBORAH M. WEBER, A.8.C.P. ACCREDITED TECHNOLOGIST

BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN
DATE REPORT ISSUED: 06-714-2004 RECOMMENDED* RECALIBRATION DATE: Jung 14, 2005

*NIST GMP-11 (Mar ‘03), “Good Measurement Fractice for Assignment and Adjustment of Calibration intervals for Standards’ states that,
‘Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from accepted values’.

Table 4 of GMP-11 recommends recalibration of liguid-in-glass thermometers, standard thermistors and PRTs at 12 month intervals,
Ligquid-in-gless thermometers used for ‘Temperature Critical Parameters should be recalibrated at 6 month intervals. NIST GMP-T1is
available for download in Adobe .pdf format on our website at www.iclabs.com Follow the link for ‘Downloads’,

*The APl ‘Manusal of Petroleum Measurement Standards’, Chapter 7, June, 2001, specifies a 12 month recalibration interval for
liquid-in-glass thermometers {see section 8.3} and for portable efectronic thermometers (PETs). See section 8,2

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired,

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.
This report applies only to the item calibrated.
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ICL CALIBRATION LABORATORIES, INC.

ACCRE
CERT % 52604

ISO/IEC 17025 and ANSI/NCSL Z540-1 accredited
The specialists in ASTM and laboratory thermometers & hydrometers
Members: ASTM NCSL. ASQ NCWM

Setting new standards in calibration excellence!

1501 Decker Avenue Suite 118 Stuart, FL. 34994 USA

Tel: 772286 7710  1-BO0O-713-8647
Fax: 772 286 8737 E-mail: jeff@@icilabs.com
Intemet; www.icliabs.com

Figtd offica. Caguas, PR Tel: 787 256 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERA TURE EQUIPMENT AVAILABLE, AGAINST NIST.
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL’S ISOAEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/IEC 17025, ANSI/NCSL Z540-1-1994, MIL-STD 456624

THE 1508000, AND THE QS3000 SERIES OF QUALITY STANDARDS. ’

CUSTOMER INFORMATION:
WASHINGTON STATE PATROL

8711 EAST ROANOKE
SEATTLE, WA 88102

Qemarre .

EXHIBIT NO..3=2%
§-9-04

M. Green

PURCHASE ORDER NUMBER:
SUBMITTED BY: WASHINGTON STATE PATROL
INSTRUMENT DESCRIPTION:

DATE RECEIVED FOR CALIBRATION: 06-25-2003

Serial No: 081802  Inscription: GUTH LABS INC.  Date report issuved: 07-02-2003 Scale: Celsius {Centigrade/

DIGITAL THERMOMETER  Scale range; 29.5/38.5C Scale divisions: .01 °C Immersion: PROBE

MODEL NG: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
NOTE: The on/off switch pad contacts were cleaned prior to calibration,

CALIBRATION PROCEDURE USED: iCL Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND' READING "AS LEFT" READING CORRECTION EXFANDED UNCERTAINTY (K=2}
33.00°C 33.01°C 33.01°C ~0.01°C 0.023°C
34.00°C 34.01°C 34.01°C -0.01°C 0.023°C
35.00°C 35.01°C 35.01°C -0.01°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

QUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 10 OC, +/- 0.018C; at OC, +/ 0.006C; at
0.01C (TPW), +/-0.003C; from 0.07 to 105C, +/0.020C; from 1058 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C; from 300 to 410C,
+/-0.066C; from 410 t0 10000, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHQODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED ‘GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE ‘GUM’. A COVERAGE FACTOR OF 2 SIGMA (K =2) HAS BEEN
APPLIED TQ THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 85%
CONFIDENCE LEVEL. .

THE UNCERTAINTIES PRESENTED ABOVE IN THE "RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  Q.01°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2) DRIFT OF THE
INSTRUMENT, {3) HYSTERESIS OF THE INSTRUMENT, OR (4} ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALF OF 1990 (IT5-90)

IMPORTANT NOTE: THE CORRECT OPERATION QF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMFPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TQ THE PROBE Ofi CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OiL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
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ARE BEYOND OUR CONTROL, '

THIS CALIBRATION WAS PERFORMED BY: DEBORAH M, WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard(s), transfer standard(s) and, (if appﬁcbbie}, comparator(s) used in this test are listed below:

TEMP: 33.00°C Reference: NIST SFRT S/N 1085, Transfer standards: 537360 & 24453 Comparator: PolyScience water bath MTE-O6
TEMP: 34.00°C Referenice: NIST SPRT S/N 1085, Transfer standards: 537360 & 24453 Comparator: PolyScience water bath MTE-O6
TEMP: 35.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 537360 & 24453 Comparator: PolyScience water bath MTE-06

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER (SPRT), CALIBRATED
BY NIST IN APRIL, 2002. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JANUARY OF 2003, AND ARE ON A SiIX MONTH CALIBRATION INTERVAL. LIGUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2002 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K =2] PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 to <0C: +/- 0.0023C;
0.01C: +/-.0014C; >0 to 95C: +/- 0.0024C; > 95C to 300C: +/- 0.0048C; >300 to 420C: +/- 0.0075C

ICL CALIBRATION LABORATORIES, INC.

An ISONEC 17025 & ANSURCSL 2-540-1 sccredited laborstory - American Association for Laboratory Accreditation Certificate #526.01

, TECHNICAL DIRECTOR
. WEBER, A.S.C.P. ACCREDITED TECHNOLOGIST C{.}(m
RKEY, V.P. TECHNICAL SERVICES This document prepared by L ORI PARR and reviewed by KAREN ALLEBORN
DATE REPQRT ISSUED: 07-02-2003 RECOMMENDED RECALIBRATION DATE: July 02, 2004

NIST GMP-17 (Mar "03), ‘Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Standards’ states that,
‘Temperature standerds are dynamic with use. Shack, contamination and other fectors can cause drift from acceptad values’,

Table 4 of GMP-11 recomrands recalibration of liquid-in-glass thermometers, standard thermistors and PRTs at 12 month intervals.
Liguid-in-glass thermometers used for ‘Temperature Critical Parameters” should be recalibrated at € month intervals.

NIST GMP-11 is available for viewing in .pdf formst on our website at www.icllabs.com Follow the link for ‘How often should | recalibrate,..?

The API ‘Manual of Petroleum Measurement Standards’, Chapter 7, June, 2001, specifiss & 12 month recalibration interval for
g/ass thermomaeters (see P. 8.3 and for portable electronic thermomaeters (see P.8.2).

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Ine.

This report applies only to the item calibrated.
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ICL CALIBRATION LABORATORIES, INC.

CERT ¥ 526.01
ISO/IEC 17025 and ANSUNCSL Z540-1 accredited 1501 Decker Avenue- Sulte 118 Stuart, FL 34984 USA
The specialists in ASTM and laboratory thermometears & hydrometers Tek: 772 286 7719 1‘80?'"3'5547
—sheaalsts n ASTA ASTM. NCSL ASQ mers & hy Fax: 772 286 8737 E-mail: jeft@icllabs. com

Internet: www.icllabs.com
Fisld office: Caguas, PR Tel: 787 285 7448

REPORT OF TEST FOR DIGITAL THERM OMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CA

USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE E QUIPMENT A VAILABII:?R:GZ?ICISL?SES?A ToRY
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL’S ISOAEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/EC 17025, ANSUNCS!L Z540-1-1 9594, MIL-STD 456624

THE I1S09000, AND THE QS9000 SERIES OF QUALITY STANDARDS. ’

CUSTOMER INFORMATION:

WASHINGTON STATE PATROL
811 EAST ROANOKE
SEATTLE, WA 98102

Setting new standards in calibration exceflence!

PURCHASE ORDER NUMBER:

SUBMITTED BY: WASHINGTON STA TE PATROL DATE RECEIVED FOR CALIBRATION: 1 2-76-2003
INSTRUMENT DESCRIP TION:

I’fu

M LADD

S

Serial No: 091802 Inscription: GUTH LABS INC. Date report issued: 12-18-2003  Scale: Ceisius (Centigrade}
DIGITAL THERMOMETER  Scale range: 29.6/38.5C  Scale divisions: .01 °C Immersion: PROBE
MODEL NO: 4300 TOLERANCE: +/- O, 025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

CALIBRATION PROCEDURE USED: 1CL Procedure 04, which is drawn from ASTM E-77, £-220 and E-563
RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND' READING ‘AS LEFT’ READING CORRECTION EXPANDED UNCERTAINTY (K =2

33.00°C 33.01°C 33.01°C -0.01°¢C ¢.023-C
34.00°C 34.01°C 34.01°C -0.01l°C 0.023°C
35.00°c 35.00°¢ 35.00°C 0.00°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/-0.019C; a1t OC, +/ 0. 006C; st
0.01C (TPW, +/~0.003C; from 0,07 to 105C, +/0.020C: from 105 1o 200C, +/- 0.030C; from 200 10 300C, +/- 0.049C; from 300 to 4 10C,
+/-0.056C; from 410 1o 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE ME THODS ELABORATED

IN NIST TECHNICAL NOTE 1287 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED ‘GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEA SUREMENT’, COMMONLY REFERRED TO AS THE ‘GUM". A COVERAGE FACTOR OF 2 SIGMA (K =2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY A T APPROXIMATELY A §5%
CONFIDENCE LEVEL,

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION QF THIS INS TRUMENT, ESTIMATED TO BE  0.07 °C, HAS BEEN FACTORED INTO THE CALCULATION,

THE EXPANDED UNCERTAINTIES (K =2) REPOR TED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2) DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INS TRUMENT, OR (4} ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.
LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%

ALL TEMPERATURES GIVEN IN THIS REFORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (! 75-80)

CANNOT BE RESPONSIBLE FOR INACCURATE REA DINGS WHICH MAY BE EXPERIENCED IN FU TURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.
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THIS CALIBRATION WAS PERFORMED BY: DEBORAH M, WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY ARQUND THE TEST POINTS.

TRACEABILITY INFORMA TION

THE EXPANDED UNCERTAINTIES {K'=2] PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 10 <0OC: +/+ 0.0023C;
0.01C: +/-.0014C; >0 10 95C: +/- 0.0024C; >95C to 300C; +/ 0.0048C; > 300 to 420C: +,- C.0075C

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSI/NCSL Z-540-1 accradited faboratory - A ican A lation for Labx ¥ Accraditation Certificate #526.01

J. JEFF KELLY, TECHMICAL DIRECTOR - M@ﬂ/a
DEBORAH M. WEBER, A.S.C.P. ACCREDITED TECHNOLOGIST anRg "

BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN
DATE REPORT ISSUED: 12-18-2003 RECOMMENDED RECALIBRATION DATE: December 18, 2004

NIST GMP-171 (Mar 03}, 'Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Standards’ states that,
‘Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from accepted values’,

Table 4 of GMP-11 recommends recalibration of liquid-in-glass thermometers, standard thermistors and PRTs st 12 manth intervals.
Liguid-in-glass thermometers used for ‘Temperature Critical Parsmetsrs’ should be recalibrated at & month intervals.

NIST GMP-11 is availeble in Adobe -pdf format on our wabsite st www.icllabs.com Felfow the link for ‘Downloads’,

The API ‘Manuaf of Petroleum Measurement Standards’, Chapter 7, June, 2001, spacifies 8 12 month recafibration interval for
glass thermometers (see P. 8.3) and for portable electronic thermometers (sea P, 8.2).

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the spacified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.
This report applies only to the item calibrated,
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ICL CALIBRATION LABORATORIES, INC.

ISO/IEC 17025 and ANSI/NCSL Z540-1 accredited

The specialists in ASTM and laboratory thermometers & hydrometers
Members. ASTM NCSL ASQ NCWM

Sstting new standards in cafibration excellence!

CERT »528.01

1501 Decker Avenue Suite 118 Stuart, FL 34894 USA
Tel: 772 286 7710  1-800-713-6647

Fax: 772 286 8737 E-mail: jeff@icitabs.com

Internet; www.icliabs.com

Flald office: Caguas, PR Tel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAY THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED A

ND TESTED IN ICL*S CALIBRATION LABORATORY

USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT A VAILABLE, AGAINST NIST

CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH {CL
REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/IEC 17025,
THE 1S08000, AND THE GS9000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:
WASHINGTON STATE PATROL

817 EAST ROANOKE
SEATTLE, WA 98102

M. Green

PURCHASE ORDER NUMBER:

SUBMITTED BY: WASHINGTON STATE PATROL
INSTRUMENT DESCRIPTION:

Serial No: 091803

'

DIGITAL THERMOMETER  Scale range: 29.5/38.5C
MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

i

DATE RECEIVED FOR CALIBRATION: 04-25-2003

Inscription: GUTH LABS INC,  Date report issued: 05-01-2003  Scale: Celsius {Centigrade)

Scale divisions: .01 °C  Immersion: PROBE

‘S ISOAEC 17025 CALIBRATION PROCEDURE

ANSI/NCSL Z540-1-1994, MIL-STD 456624,

BETTRY (I3

T Ay "
AR}

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.

NOTE: The touch pad for the on/off switch was cleaned prior to calibration,

CALIBRATION PROCEDURE USED: ICL Frocedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND’ READING ‘AS LEFT" READING CORRECTION EXPANDED UNCERTAINTY (K=2)
33.00°C 33.01°C 33.01°¢C -0.01°¢ 0.023°C
34.00°C 34.01°C 34.01°C -0.01°¢ 0.023°C
35.00°C 35,01°C 35,01°C -0.01°¢ ¢.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.019C; 8t OC, +/- 0.006C; at

0.01C (TPW), +/-0.003C; from Q.01 to 105C, +/-0.020C; from 105 to 200C. +/- 0.030C;

frem 200 to 300C, +/ 0.049C; from 300 to 470C,

+/-0.056C,; from 410 te 1000C, +/ 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODOLOGY ELABORATED
IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT 2-540-2 DOCUMENT ENTITLED 'GUIDE TO THE EXPRESSION OF
UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE 'GUM’. A COVERAGE FACTOR OF 2 SIGMA (K =2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%

CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE "RESULTS' TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01°C, HAS BEEN FACTORED INTQ THE CALCULATION.

THE EXPANDED UNCERTAINTIES K =2} REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER’S LABORATORY, (2} DRIFT OF THE
INSTRUMENT, {3} HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE

HUMIDITY: BETWEEN 40% AND 60%

ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (ITS-90)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT.ON ALL COMPONENTS

FUNCTIONING FROFPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
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ARE BEYOND QUR CONTROL.

THIS CALIBRATION WAS PERFORMED BY: DEBORANH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS,

TRACEABILITY INFORMATION
The NIST primary reference standard(s), trensfer standard(s}) end. (if applicable), comparator(s) used in this test are listed bslow:

TEMP: 33.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-06
TEMP: 34.00°C Reference: NIST SPRT S/N 1085, Transter standards: 576776 & 24453 Comperator: PolyScience water bath MTE-06
TEMP: 35,00°C Reference: NIST SPRT S/N 1085, Transfer standards: 576776 & 24453 Comparator: PolyScisence water bath MTE-06

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER (SPRT), CALIBRATED
BY NIST IN APRIL, 2002. ICL HAS SPECIFIED A ONE YEAR FERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JANUARY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL, LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2002 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K =2} PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 to <0C: +/- 0.0023C;
0.01C: +/-.0014C; >0 to 95C: +/- 0.0024C; > 95C to 300C: +/- 0.0048C; > 300 to 420C: +/- 0.0075C

fCL CAL/BRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSI/NCSL Z-540-1 eccredited laboratory - American Association for Laborstory Accreditation Certificata #526.01

J JEFF KELLY, TECHNICAL DIRECTOR

DEBORAH M. WEBER, A.S.C.P. ACCREDITED TECHNOLOGIST A e

BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepered by LORI PARR and reviewed by KAREN ALLEBOR
DATE REPORT ISSUED: 05-01-2003 RECOMMENDED RECALIBRATION DATE: Msy 01, 2004

NBS GMP-11, ‘Good Moasurement Practice for Assignment and Adjustment of Calibration Intervals for Standards’ states that,
‘Temperature standards are dynamic with use. Shock, contaminstion and other factors can cause drift from accepted values.’
GMP-11, P4 recommends recalibration of liguid-in-glass thermometers and 100 ohm PRTs at 6§ month intervals for 'Temperature
Critical Parameters’, or 12 month intervals for thermometers used for "Secondsry Paramaters’.

The AP! 'Manusf of Petroleum Mesasurement Standards’, Chapter 7, June, 2001, specifies a 12 month racalibretion interval for
glass thermometers (see P. 8.3/ and for portable electronic thermometers (see P.8.2],

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.
This report applies only to the item calibrated.

SERIAL NUMBER: 0371803 PAGE 2 OF 2
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ICL CALIBRATION LABORATORIES, INC.

CERT ¥ 526.01

ISO/EC 17025 and ANSI/NCSL Z540-1 accredited 1501 Decker Avenue  Suite 118 Stuart, F 34094 USA

The specialists in ASTM and laboratory thermometers & hydrometers

Tel: 772286 7710 1-800-713-6647

Members; ASTM NCSL ASQ NCWM Fax: 772 286 8737 E-mail: jeff@icllabs.com

Setting new standards in calibration excellence!

Intemet: www.icllabs_com
Field office: Caguas, PR Tel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DES CRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICRGPROCESSOR CON TROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILA BLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACC ORDANCE WITH |CL*S ISOJEC 17026 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSUNCSL Z540-1- 1994, (WHICH

SUPERCEDED AND REPLACED MIL-STD 456 62A), AND THE ISO-9000 AND QS-9000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:

WASHINGTON STATE PATROL
817 EAST ROANOKE
SEATTLE, WA 98102

PURCHASE ORDER NUMBER:

SUBMITTED BY: WASHINGTON STATE PATROL ~ DATE RECEIVED FOR CALIBRATION: 05-10-2004
INSTRUMENT DESCRIPTION:

Serial No: 081803 Inscription: GUTH LABS INC. Date report issued: 05-10-2004  Scafe: Celsius {Centigrade)

DIGITAL THERMOMETER Scale range: 29.5/38.5C Scale divisions: .01 °C lmmersion: PROBE
MODEL NO: 4300 ACCURACY TOLERANCE: +/- 0.025C PER MANUEA CTURER'S MANUAL
RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INS TRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.

CALIBRATION PROCEDURF USED: iCi Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE 'AS FOUND' READING ‘AS LEFT’ READING CORRECTION
33.00°C 33.00°C 33.00°cC 0.00"C
34.00°C 34.00°C 34.00°C 0.00°C
35.00°¢C 35.00°¢C 35.00°C 0.00°C

NO ADJISTMENTS WERE MADE TO THIS INSTRUMENT,

EXPANDED UNCERTAINTY (K= 2/

0.023°C
0.023°C
0.023°C

QUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.019C; at 0C, +/ 0.008C; at
0.07C (TPW), +/-0.003C: from 0.01 to 105C. +/-0.020C: from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C; from 300 to 470C,
+/-0.056C; from 4710 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED "GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT", COMMONLY REFERRED TO AS THE ‘GUM’. A COVERAGE FACTOR OF 2 SIGMA fK=2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMA TELY A 85%

CONFIDENCE LEVEL,

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS’ TABLE MAY BF LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01 °C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER’S LABORATORY, (2] DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN.40% AND 60%

ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNA TIONAL TEMPERATURE SCALE OF 1930 (IT5-80)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MA TERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGL Y, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE FPERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FU TURE USES DUE TO CONDITIONS WHICH

ARE BEYOND OUR CONTROL.
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THIS CALIBRATION WAS PERFORMED BY: [ JEFF KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED B Y THIS REPORT OF TEST IS A LIMITED CALBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIA TELY AROUND THE YTEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard(s), transfer standard(s) and comparator(s) utilized in the performance of this calibration are listed below:

Our NIST primary reference thermometer from -196 to 420C is a Hart Scientific modeli 5698, 25.5 Ohm SPRYT, serial no. 0159,
calibrated by NIST on October 7, 2003, NIST GMP-11 recommends a 36 month calibration cycle for SPRTs. Transfer standards PRTs
are calibrated against this reference standard semi-annually: ASTM liquid-in-glass transfer standards are cal

ibrated annually.
Our primary reference thermometer for temperatures from 420 to 1000C is a8 Hart Scientific Type 'S’ thermocouple sensor, serisl
no. 8112, calibrated by Hart Scientific on January 13, 2003. This standard is on a 24 month calibration cycle.

Test Point Cdmparafor MIE#  Manufacturer Tiansfer Standard ~ MIE#  Manufaciurer Next Due
33.00°C 7310 water bath 006 PolyScience 5614 PRT 576776 130 Hart Scientific 07/16/04
34.00°C 7310 water bath 006 PolyScience 5614 PRT 576776 130 Hart Scientific 07/16/04
35.00°C 7310 water bath 006 FolySBcilence 5614 PRT 576776 130 Hart Bcientific 07/16/04

ICL CALIBRATION LABORA TORIES, INC.

An ISOJEC 17025 & ANSI/NCSL E-SAO-I aceradited laboratory - Arnarican Association for Lab ¥ Accreditation Certifi #526.01

J. JEFF KELLY, [TECHNICAL DIRECTZ'R .

DEBORAH M. AVEBER, A.S5.C.P, ACCREDITED TECHNOLOGIST w(.ﬂ/)’k

BRUCE MARKEY, V.P. TECHNICAL SER VICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN

DATE REPORT ISSUED: 05-10-2004 RECOMMENDED * RECALIBRATION DATE: May 10, 2005

*NIST GMP-11 (Mar '03), *Good Measurement Practice for Assignment snd Adjustment of Calibration intervals
"Temperature standards are dynamic with use. Shock, contamiration and other factors can cause drift from accepted values’.
Table 4 of GMP-11 recommends recalibration of liquid-in-giass thermometers, standard thermistors and PRTs st 12 month intervals.

Liquid-in-glass thermometers used for ‘Temperature Critical Parameters’ should be recalibrated at 6 month intervals, NIST GMP-11 is

available for downlpad in Adobe -pdf format on our website at www. icllabs.com Follow the link for ‘Downloads”’,

for Standards’ states that,

*The API "Manual of Petroleumn Measurement Standards’, Chapter 7, June, 2001, specifies 8 12 month recalibration interval for -

liquid-in-glass thermometers (see section 8. 3) and for portable electronic thermometers (PETs). See section 8.2

The user should be aware that an

y number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired,

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, inc,

This report applies only to the item calibrated.
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ICL CALIBRATION LABORATORIES, INC.

CERT # 526.01

ISO/IEC 17025 and ANSI/NCSL Z540-1 accredited 1501 Decker Avenue Suite 118 Stuart, FL 34994 USA
The specialists in ASTM and faboratory thermometers & hydromelars Tel: 772286 7710 1-800-T13-6647
Mombers: ASTM. NCSL - AsG Newh Fax: 772 266 8737 E.mail: jel@iciiabs.com

Internet: www.ichiabs.com
Setting new standards in calibration excellence!
, Fisld office: Caguas, PR Tel: 787 206 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL’S ISOAEC 17025 CALIBRATION FPROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/IEC 17026, ANSI/NCSL Z540-1-1894, MIL-STD 456624,
THE 1508000, AND THE Q39000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:

WASHINGTON STATE PATROL
877 EAST ROANOKE
SEATTLE, WA 98102

PURCHASE ORDER NUMBER:
SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CALIBRATION: 11-05-2003
INSTRUMENT DESCRIPTION:

Serial No: 091803  Inscription: GUTH LABS INC. Dete report issued: 11-07-2003 Scale: Celsius {Centigrads)

DIGITAL THERMOMETER  Scale range: 28.5/38.5C  Scale divisions: .01 °C Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL,
CALIBRATION PROCEDQRE USED: icL Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE "AS FOUND’ READING "AS LEFT’ READING CORRECTION EXPANDED UNCERTAINTY (K=2)
33.00°C : 33.00°C 33.00°C 0.00°C 0.023°C
34.00°C 34.00°C 34.00°C 0.00°C 0.023°C
35.00°C 35.00°C is.poo°C 0.00°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/ 0.018C; &t OC, +/- 0.006C; at
0.01C (TPW], +/-0.003C; from Q.07 to 105C, +/-0.020C; from 105 to 200C, +/ 6,030C; from 200 to 300C, +/ 0.048C; from 300 to 410C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED ‘GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE 'GUM'. A COVERAGE FACTOR OF 2 SIGMA (K=2] HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL. '

" THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO 8E  0.01°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K = 2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE UUSER'S LABORATORY, (2} DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (1T5-90)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS (S DEPENDENT ON ALL COMPONENTS
FUNCTIONING FROPERLY, CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.
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THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WiTH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION
The NIST primary reference standard(s|, transfer standard(s) and, {if applicablel, comparator(s} used in this test are listed below:
TEMP: 33.00°C Reference: NIST SPRT S/N 1035, Transfer standerds: 524105 & 24453 Comparstor: PolyScience water bath MTE-12

TEMP: 34.00°C Reference: NIST SPRT S/N 1035, Transfer standards: 524105 & 24453 Comparator: PolyScience water bath MTE-12
TEMP: 35.00°C Reference: NIST SPRT 5/N 1035, Transfer standords: 524105 & 24453 Comparator: PolyScience water bath MTE-12

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER (SPR T}, CALIBRATED
BY NIST IN JULY, 2003. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JULY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL. LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2003 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K= 2} PROVIDED BY NIST FOR THIS SFRT CALIBRATION ARE AS FOLLOWS: -195.6 to <0C: +/- 0,0023C:
0.01C: +/-.0014C; >0 1o 95C: +/- 0.0024C; >95C to 300C: +/- 0.0048C; > 300 to 420C: +/- 0.0075C

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSI/NC, -540-1 sccredited laboratary - American Associstion for Laboratory Accreditation Certificate #526.01

J. JEFE KELLY /TECHNICAL DIRECTOR W
DEBORAH M/WEBER, A,5.C.P. ACCREDITED TECHNOLOGIST Ok pra_

BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN
DATE REPORT ISSUED: 11-07-2003 RECOMMENDED RECALIBRATION DATE: November 07, 2004

NIST GMP-11 (Mar ’03}; ‘Good Measurement Practice for Assignment and Adjustment of Calibration Intervals for Standards’ states that,
‘Temperature standerds are dynamic with yse. Shock, contamination end other factors cen cause drift from accepted values’.

Table 4 of GMP-11 recommends recalibration of liquid-in-glass thermometers, standard thermistors end PRTs at 12 month intervels.
Liguid-in-glass thermomaeters used for ‘Temperature Critical Parameters’ should be recalibrated at 6 month intervals.

NIST GMP-11 is available in Adobe .pdf formst on our wabsite at www.icllabs.com Follow the link for '‘Downloads’.

The APl "‘Manual of Petroieum Measuremsnt Standards*, Chapter 7, June, 2001, specifies a 12 month recalibration intervef for
glass thermometers (see P. 8.3) and for portable electronic thermometers fsee P.8.2),

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
intervsl has expired.,

This Report of. Test may not be reproduced except in full without the express written permission of ICL. Calibration Laboratories, inc.
This report applies onfy to the item celibrated.

SERIAL NUMBER: 031803 REFPORT NUMBER: LLT18628 PAGE 2 OF 2



ICL CALIBRATION LABORATORIES, INC.

CERT, 8 3001

-ISOAEC 17025 and ANSI/NCSL Z540-1 accradited

The speciplists in ASTM and laboratory thermometers & hydrometars
Members: ASTM NCSL ASQ NCWM

Setting new standards in cafibration excelience!

1501 Decker Avenue Suite 118 A Stuart, FL 34094 LUSA

Tel: 772286 7710 A 1-800-713-8847

Fax: 772 286 8737 A E-mail: sales@icliabs.com

Internet: www.icliabs.com
Fioki sales office: Caguas, PR Tel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT A VAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL’S ISO/EC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL 2540-1-1994, MIL-STD 45662A,

THE ISQ9000, AND THE Q59000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION: Demarre.

GUTH LABORATORIES, INC.
590 NORTH 67TH STREET
HARRISBURG, PA 17111

EXHIBIT NO..2Z
q-q4-0up

M. Green

PURCHASE ORDER NUMBER: 2025706
SUBMITTED BY: GUTH LABORATORIES, INC. DATE RECEIVED FOR CALIBRATION: 06-26-2002

INSTRUMENT DESCRIPTION:

Serial No: 300905  Inscription: EUTECHNICS  Date report issued: 07-10-2002  Scale: Celsius {Centigrade}

DIGITAL THERMOMETER Scale range: -20/130C  Scale divisions: .01 °C lmmersion: PROBE
MODEL NO: 4400 TOLERANCE: +/- 0.015C
RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL,

CALIBRATION PROCEDURE USED: ICt Frocedurs 64, which is drawn from ASTM £-77, £-220 and E-563.

RESULYS QF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND’ READING ‘AS LEFT' READING CORRECTION
33.00°C 32.8%°C 32.99°¢C 0.01°cC
34,00°C 33.99°C 33.99°C ©0.01°C
35.00°¢C 34.99°C 34.99°C 0.01°C

EXPANDED UNCERTAINTY (K=2)

0.021°C

0.021¢°C
0.021°C

THE "AS FOUND' READINGS WERE WITHIN THE TOLERA:NCE STATED ABOVE AND NQ ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OUR CALIBRATION SYSTEM UNCERTAINTIES ARE AS FOLLOWS: FROM -80 to <-41C, +/- 0.045C; FROM -41 to <0C, +/- 0.017C;

AT OC, +/- 0.006C; FROM >0 to 28C, +/- 0.019C; FROM > 28 to 105C, +/- 0.018C; FROM > 105 to 150C, +/- 0.021C; FROM > 150 1o
200C, +/- 0.024C; FROM > 200 TG 300C, +/- 0.039C; FROM 300 TO 410C, +/-0.052C; FROM > 410 to 700C, +/-0.74C; FROM > 700 to
900C, +/- 0.81C; >900C to 1000C, +/- 0.95C THESE UNCERTAINTIES HAVE BEEN CALCULATED ACCORDING TO ANSI-NCSL Z540-2,
‘GUIDE TO THE EXPRESSION OF UNCERTAINTY IN MEASUREMENT', USING A COVERAGE FACTOR OF K=2 TO EXPRESS THE EXPANDED

UNCERTAINTY AT APPROXIMATELY A 95% CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RES U.L TS TABLE MAY BE LARGER THAN QUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01°C, HAS BEEN FACTORED INTO THE CALCULATION,

THE EXPA NDED UNCERTAINTIES (K =2} REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER’S LABORATORY, (2] DRIFT OF THE
INSTRUMENT, (3} HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%

ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (ITS-30)
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IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS 0BVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LASORA TORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE 7O CONDITIONS WHICH
ARE BEYOND OUR CONTROL.

THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard(s), transfer standard(s) and. {if applicablel, comparator(s) used in this test are listed below:

TEMP: 33.00°C Refersnce: NIST SPRT S/N 1035, Transfer standards: 537360 & 24453 Comparator: PolyScience watsr bath MTE-08
TEMP: 34.00°C Referance: NIST SPRT S/N 1035, Transfer standards: 537360 & 24453 Comparator: PolyScience water bath MTE-06
TEMP: 35.00°C Reference: NIST SPRT S/N 10385, Transfer standards: 537360 & 24453 Comparator: PolyScience water bath MTE-06

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER [SPRT], CALIBRATED
BY NIST IN APRIL, 2001. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPAT IN JANUARY OF 2002, AND ARE ON A SIX MONTH CALIBRATION INTERVAL. LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2001 AGAINST THIS SPAT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K =2) PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 to <0C: +/- 0.0023C;
0.071C: +/.0074C; >0 to 85C: +/- 0.0024C; > 95C ro 300C: +/- 0.0048C; > 300 to 420C: +/- 0.0075C

ICL CALIBRATION LABORATORIES, INC.

An ISOAEC 17025 & ANSINCSY 2-540-1 accradited Iaboretory - American Associstion for ubomtbry Accroditation Certificate #526.01

J. JEFF KELLY TECHNICAL DIREETOR - ' }_{ ' Q@&,@h\
DEBORAH M. WEBER, A.S.C.P. ACCREDITED TECHNOLOGIST _ - At g >

BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN
DATE REPORT ISSUED: 07-10-2002 THIS CALIBRA T._fON IS_‘VAUD THROUGH: July 10, 2003

The user shouid he aware that any number of factors may cause this instrumant to drift out of calibration bafore the specified calibration
interval has expired.

This Report of Test may not ba reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.

This report applies only to the item calibrated.

SERIAL NUMBER: 300305 PAGE 2 OF 2
REPORT NUMBER: KF109167



JCL CALIBRATION LABORATORIES, INC.

CEART u AN.M
1501 Decker Avenue Sulte 118 Stuart, FL 34984 USA

ISO/IEC 17025 and ANSI/NCSL 2540-1 accreditod :
The sneciglists in ASTM and isboratory thermometers & hydrometers Fax: 77; g'ég ;?;BSE%{;: jéﬁgg;ﬁ
Members: ASTM NCSL ASQ NCWM - Intemet: www.citaba.com
Selting new standards In calibration excellencel Fiol office Caguos, PRt Tel: 787 260 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL'S ISOAEC 17025 CALIBRATION FROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOMEC 17025, ANSI/NCSL 2540-1-19594, MIL-STD 466624,

THE 1S03000, AND THE OS3000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION: 0 T rYe
GUTH LABORATORIES, INC.

£80 NORTH 67TH STREET EXHIBIT NO..2.&
HARRISBURG, PA 17111 q-9 04

M. Green

PURCHASE ORDER NUMBER: 20261871
SUBMITTED BY: GUTH LABORATORIES, INC. DATE RECEIVED FOR CALIBRATION: £7-08-2003
INSTRUMENT DESCRIPTION:

Ssrial No: 300805  Ingcription; EUTECHNICS  Date roport Issuad: 07-14-2003  Seale: Celsius {Centigrade)

DIGITAL THERMOMETER  Scalo ranga: -20/130C  Scels divisions: .0] °C. Immiersion: FROBE
MODEL NO: 4400 TOLERANCE: +/- Q.015C

RESULTS OF PHYSICAL EXAMINATION:

THE PRYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APFEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
CALIBRATION PROCEDURE USED: |CL Frocedura 04, which is drgwn from ASTM E-77, £-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMFERATURE "AS FOUND® READING ‘AS LEFT" READING CORRECTION EXPANDED UNCERTAINTY (K w2}
33.00°C 33.00°C 33.00°C g.00°C 0.023°C
34.00°C 34.00°C 34.00°C c.00°C 0.023°C
35.00°C 35.00°¢Q as5.00°¢C 0.00°C 0.023°C

NO ADJUSTIMENTS WERE MADE TO THIS INSTRUMENT.

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: fram -80 1o OC, +/ 0.018C; at 0C, +/- 0.Q06C; »t

QO7C (TPW], +/0.003C; from 0,07 to T05C, +/-D.020C; from 108 to 200C, 4/ 0.030C; from 200 to 300C, +/- 0.048C; from 300 to 410C,

+/40.066C; frorn 410 to 1000C, +/- 1,2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABQRATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED "GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT, COMMONLY REFERRED TO AS THE ‘GUM". A COVERAGE FACTOR OF 2 SIGMA (K=2] HAS BEEN

,SPPUED 7O THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTYAT APPROXIMATELY A 55%
ONFIDENCE LEVEL,

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS' TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUBMENT, ESTIMATED TO B 0.01°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2] REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, {2} DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INSTAUMENT, CR (4] ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1880 1ITS-80)

IMPORTANT NOTE: THE CORRECT DPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROFERLY. CORRECT TEMFPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WiTH WATER, OIL. OR OTHER MATERIAL, OR 8Y LESS OBVIOUS CAUSES
SUCH A5 LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY. ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFOAMANCE OF THIS TEST HOWEVER
CANNDT BE RESPDNSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH

ARE BEYOND OUR CONTROL,



THIS CALIBRATION WAS PERFORMED BY: J. JEFF KELLY

THE CALIBRATION PERFORMED AND DGCUMENTED 8Y THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, UMITAITONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

The NIST primary reference standard(s), transfer stondergfs) and, (if applicablal, comparator(s) used in this test are listed below:

TEMP: 33.00°C Refarence: NIST SPRT S/N 1085, Trangfer stendards: 576776 & 537360 Comparator: PolyScience water bath MTE-08
TEMP: 34.00°C Reference: NIST SPRT S/N 1088, Tronsfer stendards: 576776 & 537360 Comporatar: PolyScisnce water bath MTE-QE
TEME:  35.00°C Refarence: NIST SPRT S/N 1085, Trensfer standards: 576776 & 537360 Compsrator: FPolySclence weater bath MTE-OF

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE (S A STANDARD PLATINUM RESISTANCE THERMOMETER {SFRT!, CALIBRATED
BY NIST IN APRIL, 2002. ICL HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JANUARY OF 2003, AND ARE ON A 51X MONTH CALIBRATION INTERVAL. LIGUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2002 AGAINST TH!.&? SPRT AND ARE ON A ONE YEAR CAL/BRATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K=2) PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 to < OC: +/ 0.0023C
0.01C +/.0014C; >0 to 95C: +/ 0.0024C; >95C ro 300C: +/- 0.0048C; >300 to 420C: +/- 0.0075C

ICL CALIBRATION LABORA TORIES. INC.

An ISOAEC 17028 & ANSYNCSL ZN40-1 sccravited Jabbratory « Americen Azxocietion for Laborstory Accrediiation Cartificote 28228.01

Jo JEFF KELLY, NICAL OIRECTOR
DEBORAH M. WEBER, A.5.C.P. ACCREDITED TECHNCOLOGIST
wed by KAREN ALLEBORN

BRUCE MARKEY, V.F. TECHNICAL SERVICES This document prepered by LOR! PARR and revie

DATE REPCORT ISSUED: 07-14-2003 RECOMMENDED RECALIBRATION DATE: July T4, 2004

NIST GMP-11 {Mer "03), "Good Maasurement Practice for Assignment and Adjustment of Callbration Intervsls for Standords’ states that,
“Termparature stonderds sro dynamic with use, Shock, contemingtion and other factors can couse drift from accepted values’.

Table 4 of GMP-11 recommands recalibretion of liquid-in-glass thermometers, standsrd tharmistors snd PRTs st 12 month Intarvels.
Liquid-in-gless thermometers used for *Tempereture Critical Parameters” should be recelibretsd et 6 month intervels. ‘
NIST GMP.1 1 is svaliable for viewing in pdf format on our website 5t www.iclabs.com Follow the link for ‘How often should { recalibrats...?

The APl "Menusl of Petroleum Measurement Standords’, Chapter 7, June, 2001, specifies @ 12 month recalibretion intervel for
gless thermameters (see P. 8.3} and for portabla electronic thernometars (sga P.8.2).

The usar should bo aware that any numper of factors may cause this Instrument 1o drifi out of calibration befare the speciffed calibration
interval has explirad. '

This Report of Test may not be reproduced excep! In fuil without the exprass writtan permission of ICL Calibration Laboratorfes, Ine.
Thr'.:_? repart spplies only to the itern calibrated.

SERIAL NUMBER: 300305 REPORT NUMBER: LGTT16336 FAGE 2 OF 2



ICL CALIBRATION LABORATORIES, INC. | :

CERT & 528.01

ISO/EC 17025 and ANSI/NCSL Z540-1 accredited 1501 Decker Avenue Sulte 118 Stuart, FL 34994 USA
The speciafists in ASTM and laboratory thermometers & hydrometers Tel 772 286 7710  1-800-713-5647

) Fax: 772 286 8737 E-mail: jeff@icilabs.com
Members: ASTM NCSL ASQ NCWM ‘ Intemnet: www ichiabs.com

Setting new standards in calibration excellence!
ng standards in calibration Fleid office: Caguas, PR Yel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL’S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERATURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL'S ISOAEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL Z540-1-1994, MIL-STD 456624,
THE ISO9000, AND THE QSS000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:

Demarre

WASHINGTON STATE PATROL EXHIBIT NO.-EZ
811 EAST ROANOKE ‘7-4—01—/—
SEATTLE, WA 98102

M. Green

PURCHASE ORDER NUMBER:
SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CALIBRATION: 01-07-2004
INSTRUMENT DESCRIPTION:

Serial No: 302173  Inscription: GUTH LABS INC.  Date report issued: 01-08-2004  Scale: Celsius (Centigradel

DIGITAL THERMOMETER  Scale range: 29.5/38.5C  Scale divisions: .01 °C  Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT AFPEARED THAT ALL SYSTEMS WERE FUNCTIONAL,
CALIBRATION PROCEDURE USED: ict Procedure 04, which is drawn from ASTM E-77, E-220 and E-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND’ READING ‘AS LEFT’ READING CORRECTION EXPANDED UNCERTAINTY (K=2)
33.00°C 33.01°¢C 33.01¢°C -0.01°C 0.023°C
34.00°C . 34.01°C 34.01°C -0.01°C 0.023°C
35.00°C 35.01°C 35.01°C ~0.01°cC 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT,

OQUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to 0C, +/-0.018C; at OC. +/ 0.006C: st
0.07C (TPW), +/-0.003C; from 0.01 to 105C, +/-0.020C: from 105 to 200C, +/- 0.030C: from 200 to 300C, +/- 0.049C; from 300 to 410C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED U TILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1287 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED 'GUIDE TOQ THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE 'GUM’. A COVERAGE FACTOR OF 2 SIGMA (K=2) HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL,

THE UNCERTAINTIES PRESENTED ABOVE IN THE 'RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TQ BE  0.01°C, HAS BEEN FACTORED INTO THE CALCULATION.

- THE EXPANDED UNCERTAINTIES (K =2) REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1] ANY EEFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER’S LABORA TORY, (2} DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNA TIONAL TEMPERATURE SCALE OF 1990 (ITS-90/

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS 1S DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MA TERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGL Y, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL. ’

Page 1 of 2



THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSIP&JMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS,

TRACEABILITY INFORMATION
The NIST primary reference Standard(s), transfar standard(s) and, f{if applicable), comparator(s) used in this test are fisted below:

TEMP: 33.00°C Reference: NIST SPRT S/N 1035, Transfer standards: 524105 & 24453 Comparator: PolyScience water bath MTE-12
TEMP:  34.00°C Reference: NIST SPRT S/N 1035, Transfer standards: 524105 & 24453 Comparator: PolyScience water bath MTE- 12
TEMP: 35.00°C Refsrence: NIST SPRT S/N 1035, Trensfer standards: 524105 & 24453 Comparator: PolyScience water bath MTE-12

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER (SPRT), CALIBRATED
BY NIST IN JULY, 2003. ICL HAS SPECIFIED A ONE YEAR FERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRT TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JULY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL. LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2003 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIERATION INTERVAL.

THE EXPANDED UNCERTAINTIES (K = 2} PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 to <0C: +/ 0.0023C;
0.01C: +/-.0014C; >0 to 95C: +/ 0. 0024C; >95C to 300C: +/- 0.0048C; > 300 to 420C: +/- 0.0075C

ICL CALIBRATION LABORATORIES, INC.

An ISO/EC 17025 & ANSINCSL Z-540-1 sccredited Iboratory - American Association for Laboratory Accreditation Certificats #526.01

Lt K T Lo tptin

J. JEFF KELLY, TECHNICAL DIRECTOR
DEBORAH M. WEBER, A.5.C.P. ACCREDITED TECHNOLOGIST
BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI FARR and reviewed by KAREN ALLEBORN

DATE REPORT ISSUED: 01-08-2004 RECOMMENDED RECALIBRATION DATE: January 08, 2005

NIST GMP-11 (Mar '03), "Good Measurement Fractice for Assignment and Adjustment of Calibration intervals for Standards” states that,
‘Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from accepted values’,

Table 4 of GMP-11 recommends recalibration of liquid-in-glass thermometers, standsrd thermistors and PRTs 8t 12 month intervals.
Liquid-in-glass thermometers used for ‘Temperature Critical Parameters” should be recslibrated at 6 month intervals.

NIST GMP-11 is available in' Adobe .pdf format on cur website st www.icllabs.com Foffow the kink for ‘Downloads’,

The APl "Manual of Petroleum Measurement Standards ‘, Chapter 7. June, 2001, specifies 8 12 month recslibration interval for
glass thermometers (see P. 8.3) and for portable electronic thermomasters (sea P.8.2],

The user should be aware that sny number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may nat be reproduced except in full without the express written permission of ICL Calibration Leborsatories, Inc.

This.reporr applies anly to the itemn calibrated.

SERIAL NUMBER: 302173 REPORT NUMBER: MA 119541 PAGE 2 OF 2



ICL CALIBRATION LABORATORIES, INC.

ISOAIEC 17025 and ANSI/NCSL Z540-1 accredited 1501 Decker Avenue Suite 118 Stuart, FL 34994 USA

7 1 -
The specialists in ASTM and laboratory thermometers & hydrometers Fax: 772T 5186 g :'IBGE:?:a(;l- je:é?c;;g:::;
Members: ASTM NCSL ASQ NCWM - - B

Internet; www.icllabs.com
Setting new standards in calibration excellence!

CEAT. 8 526. 01

Field office: Caguas, PR Tel 787 285 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

Report No, MF123042  Page 1 of 2

THIS IS TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED iN ICL’S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERA TURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL'S IS OAEC 17025 CALIBRATION PROCEDURE

REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISOAEC 17025, ANSI/NCSL Z540-1-1994, (WHICH
SUPERCEDED AND REPLACED MIL-STD 456624), AND THE ISO-8000 AND 0S-$000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:

Denaree
WASHINGTON STATE PATROL
811 EAST ROANOKE ﬁ )
SEATTLE, WA 98102 EXHéB-I‘;'EIg%
PURCHASE ORDER NUMBER: M. Green

SUBMITTED BY: WASHINGTON STATE PATROL  DATE RECEIVED FOR CALIBRATION: 06-17-2004
INSTRUMENT DESCRIPTION:

Serial No: 302173 Inscription: GUTH LABS INC. Dste report issued: 06-23-2004 Scale: Celsius {Centigrade/

DIGITAL THERMOMETER  Scale range: 29.5/38.5C  Scale divisions: .07 °C  Immersion: PROBE

MODEL NO: 4300 ACCURACY TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
CALIBRATION PROCEDURE USED: iCL Procedure 04, which is drawn from ASTM E-77, E-220 and £-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND’ READING ‘AS LEFT" READING CORRECTION EXPANDED UNCERTAINTY (K=2/
33.000°C 33.00°C 33.00°C 0.00°C 0.023°C
34.000°C 34.00°C 34.00°C 0.00°C 0.023°C
35.000°C 35.00°C 35.00°C 0.00°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.

OUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 1o 0C, +/0.019C; at OC, +/ 0.006C; at
0.01C (TPW), +/-0.003C; from 0.01 to 105C, +/-0.020C; from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C; from 300 to 410C,
+/-0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED ‘GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE '‘GUM". A COVERAGE FACTOR OF 2 SIGMA (K =2) HAS BEEN
AFPPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95%
CONFIDENCE LEVEL.

THE UNCERTAINTIES PRESENTED ABOVE IN THE ‘RESULTS’ TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.07°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2} REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BE
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY., (2} DRIFT OF THE
INSTRUMENT, (3) HYSTERESIS OF THE INSTRUMENT, OR (4] ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 (ITS-90)

IMPORTANT NOTE: THE CORRECT OPERATION OF DIGITAL ELECTRONIC THERMOMETERS IS DEPENDENT ON ALL COMPONENTS
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, Oil, OR OTHER MATERIAL, OR BY LESS OBVIOUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC,
REPRESENTS THAT THE VALUES INDICATED ABOVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH
ARE BEYOND OUR CONTROL.

THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WERER



THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TESTIS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
AND/OR IMMEDIATELY AROUND THE TEST POINTS.

TRACEABILITY INFORMATION

This calibration is traceable to NIST through a direct chsin of comparisons.

The NIST primary reference standard(s), transfer standard(s) and comparator(s) utilized in the performance of this calibration are fistad below:

Our NIST primary reference thermometer from -196 o 420C is a Hart Scientific model# 5699, 25.5 Ohm SPRT, serial no. 0159,
calibrated by NIST on October 7, 2003. NIST GMP-11 recommends 8 36 month calibration cycle for SPRTs. Transfer standards PATs
are calibrated against this reference standard semi-annually; ASTM liguid-in-glass transfer standards are calibreted annuslly,

Our primary reference thermometer for temperatures from 420 to 1000C is a Hart Scientific Type 'S’ thermocouple sensor, sarial

no. 9112, calibrated by Hart Scientific on January 13, 2003. This standard is on a 24 month calibration cycle,

Test Point  Comparator MTE# Manufaclursr Transfer Standard ~ MTEF Manufacturer Nexit Due
33.0060°C 7310 water bath 012 Polyscience $614 PRT 537360 129 Hart SBcientific 07/16/04
34.000°C 7310 water bath 012 Polysciance 5614 PRT 537360 129 Hart Scientific 67/18/04
35.000°C 7310 water bhath 012 Polyscience 5614 PRT 537360 129 Hart Scientific 07/16/04

ICL CALIBRATION LABORATORIES, INC.

An ISO/EC 17025 & ANSI/NC. -540-1 sccradited Iaborstory - American A iation for Lab y Accreditetion Certificate #526.01

J. JEFF KELLY TECHNICAL DIRECTO

DEBORAH M WEBER, A.5.C.P. ACCREDITED TECHNOLOGIST AR Rm_

BRUCE MARKEY, V.P, TECHNICAL SERVICES This decument prepared by LORI PARR and reviewed by KAREN ALLEBORN
DATE REPORT ISSUED: 06-23-2004 RECOMMENDED * RECALIBRATION DATE: June 23, 2005

*NIST GMP-11 (Mar "03), ‘Good Measurement Practice for Assignment and Adjustment of Calibration Intervels for Standards’ states that,
‘Temperature stendards are dynamic with use. Shock, contamination end other factors can ceuse drift from accepted values'.

Table 4 of GMP-11 recommends recalibration of liquid-in-glass thermometers, standard thermistors and.PRTs at 12 month intervals.
Liquid-in-glass thermometers used for "Temperature Criticel Parameters’ should be recslibrated at 6 month intervals. NIST GMP-11is
available for download in Adobe .pdf format on our website st www.iclisbs.com Follow the link for ‘Downloads”.

*The APl "Manual of Petroleurn Measurement Standards’, Chapter 7, June, 2001, specifies a 12 month recalibration interval for
liquid-in-glass thermometers (see section 8.3) and for portable electronic thermometers (PETs). See section 8.2

The user should be awesre that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.

This report applies only to the item calibrated.

Report No. MF123042  Page 2 of 2
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CERT u 526.04
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Internet: www.icllabs.com

Sefting new standards in calibration exceflence!
Fiald office: Caguas, PR Tel: 787 286 7448

REPORT OF TEST FOR DIGITAL THERMOMETER

THIS 1S TO CERTIFY THAT THE INSTRUMENT DESCRIBED BELOW HAS BEEN EXAMINED AND TESTED IN ICL'S CALIBRATION LABORATORY
USING THE MOST SENSITIVE MICROPROCESSOR CONTROLLED CONSTANT TEMPERA TURE EQUIPMENT AVAILABLE, AGAINST NIST
CALIBRATED PRIMARY REFERENCE STANDARDS, IN ACCORDANCE WITH ICL'S ISONEC 17025 CALIBRATION PROCEDURE

REFERENCED BELQW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/EC 17025, ANSI/NCSL Z540-7- 1994, MIL-STD 456624,
THE 1508000, AND THE QS3000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION:

DP J20)s1 249
WASHINGTON STATE PATROL :
811 EAST ROANOKE EXHIBIT NO.
SEATTLE, WA 987102 ¥-q -0

PURCHASE ORDER NUMBER: M. Green

SUBMITTED BY: WASHINGTON STATE PATROL DATE RECEIVED FOR CAL.IBRA TION: 07-21-2003
INSTRUMENT DESCRIPTION:

Serial No: 302173 Inscription: GUTH LABS INC.  Date report issued: 07-28-2003  Scale: Celsius (Centigrade}
DIGITAL THERMOMETER Scale range: 28.5/38.5C Scale divisions: .01 °C  Immersion: PROBE

MODEL NO: 4300 TOLERANCE: +/- 0.025C PER MANUFACTURER'S MANUAL

RESULTS OF PHYSICAL EXAMINATION:

THE PHYSICAL CONDITION OF THIS INSTRUMENT WAS SATISFACTORY AND IT APPEARED THAT ALL SYSTEMS WERE FUNCTIONAL.
NOTE: UUT was recefved with s low battery, a new 2 volt battery was inserted prior to c.air‘bration.

CALIBRATION PROCEDURE USED: ICL Procedure 04, which is drawn-from ASTM E-77, £-220 and £-563

RESULTS OF CALIBRATION:

TEST TEMPERATURE ‘AS FOUND' READING "AS LEFT’ READING CORRECTION EXPANDED UNCERTAINTY (K=2}
33.00°C 33.01°C 33.01°C ~0.01°C 0.023°C
34.00°C 34.01°C 34.01°C -0.01°C 0.023°C
35.00°C 35.01°C 35.01°C -0.01°C 0.023°C

NO ADJUSTMENTS WERE MADE TO THIS INSTRUMENT.,

OQUR CALIBRATION SYSTEM BEST MEASUREMENT UNCERTAINTIES ARE AS FOLLOWS: from -80 to OC, +/- 0.019C: at OC, +/- 0.006C; st
0.01C (TPW), +7-0.003C; from 0.07 to 105C, +/-0.020C; from 105 to 200C, +/- 0.030C; from 200 to 300C, +/- 0.049C; from 300 to 410C,
+/0.056C; from 410 to 1000C, +/- 1.2C. THESE UNCERTAINTIES HAVE BEEN CALCULATED UTILIZING THE METHODS ELABORATED

IN NIST TECHNICAL NOTE 1297 AND THE ANSI-NCSL DOCUMENT Z-540-2 ENTITLED 'GUIDE TO THE EXPRESSION OF

UNCERTAINTY IN MEASUREMENT', COMMONLY REFERRED TO AS THE 'GUM'. A COVERAGE FACTOR OF 2 SIGMA (K=2] HAS BEEN
APPLIED TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 85%
CONFIDENCE LEVEL,

THE UNCERTAINTIES PRESENTED ABOVE IN THE "RESULTS' TABLE MAY BE LARGER THAN OUR SYSTEM UNCERTAINTIES,
AS THE RESOLUTION OF THIS INSTRUMENT, ESTIMATED TO BE  0.01°C, HAS BEEN FACTORED INTO THE CALCULATION.

THE EXPANDED UNCERTAINTIES (K =2/ REPORTED HERE DO NOT CONTAIN ESTIMATES FOR (1) ANY EFFECTS THAT MAY BF
INTRODUCED BY TRANSPORTATION OF THE INSTRUMENT BETWEEN ICL AND THE USER'S LABORATORY, (2} DRIFT OF THE
INSTRUMENT, (3} HYSTERESIS OF THE INSTRUMENT, OR (4) ANY MEASUREMENT UNCERTAINTIES INTRODUCED BY THE USER.

LABORATORY ENVIRONMENTAL CONDITIONS: TEMPERATURE: 23°C +/- 2°C RELATIVE HUMIDITY: BETWEEN 40% AND 60%
AlLL TEMPERATURES GIVEN IN THIS REFORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF 1990 {/T5-90)

IMPORTANT NOTE: THE CORRECT OFERATION OF DIGITAL ELECTRONIC THERMOMETERS 1S DEPENDENT ON ALL COMPONENTS -
FUNCTIONING PROPERLY. CORRECT TEMPERATURE INDICATION MAY BE IMPEDED BY PHYSICAL DAMAGE TO THE PROBE OR CABLE
ASSEMBLY, CONTAMINATION OF ELECTRICAL CONTACTS WITH WATER, OIL, OR OTHER MATERIAL, OR BY LESS OBVICUS CAUSES
SUCH AS LOW BATTERY LEVEL OR FAILURE OF INTERNAL COMPONENTS. ACCORDINGLY, ICL CALIBRATION LABORATORIES, INC.
REPRESENTS THAT THE VALUES INDICATED ABCGVE WERE THOSE OBSERVED DURING THE PERFORMANCE OF THIS TEST HOWEVER
CANNOT BE RESPONSIBLE FOR INACCURATE READINGS WHICH MAY BE EXPERIENCED IN FUTURE USES DUE TO CONDITIONS WHICH

Page 1 of 2



ARE BEYOND OUR CONTROL.

THIS CALIBRATION WAS PERFORMED BY: DEBORAH M. WEBER

THE CALIBRATION PERFORMED AND DOCUMENTED BY THIS REPORT OF TEST IS A LIMITED CALIBRATION AND
ACCORDINGLY, LIMITATIONS OF USE ARE IMPOSED AS FOLLOWS:

THIS INSTRUMENT CAN BE USED WITH CONFIDENCE ONLY WITHIN THE RANGE BRACKETED BY THE TEST POINTS
- AND/OR IMMEDIAYELY AROUND THE TEST POINTS,

TRACEABILITY INFORMATION

The NIST primary reference standard(s), transfer standard(s) and, {if applicable), comparator(s) used in this test are listed below:

TEMP: 33.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-12

TEMP: 34.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 576776 & 24453 Comparator: PolfyScience water bath MTE-12

TEMP: 35.00°C Reference: NIST SPRT S/N 1085, Transfer standards: 576776 & 24453 Comparator: PolyScience water bath MTE-12

THE NIST REFERENCE THERMOMETER REFERRED TO ABOVE IS A STANDARD PLATINUM RESISTANCE THERMOMETER [SPRT). CALIBRATED
BY NIST IN APRIL, 2002. ICt HAS SPECIFIED A ONE YEAR PERIOD OF VALIDITY FOR THIS CALIBRATION. ALL PRY TRANSFER STANDARDS
WERE CALIBRATED AGAINST THIS SPRT IN JANUARY OF 2003, AND ARE ON A SIX MONTH CALIBRATION INTERVAL. LIQUID IN GLASS
TRANSFER STANDARDS WERE CALIBRATED IN JULY OF 2002 AGAINST THIS SPRT AND ARE ON A ONE YEAR CALIBRATION INTERVAL.

THE EXPANDED UNCERTAINTIES {K=2) PROVIDED BY NIST FOR THIS SPRT CALIBRATION ARE AS FOLLOWS: -195.6 to <OC: +/- 0.0023C;
Q.01C: +/-.0014C; >0 to 95C: +/ 0.0024C; >95C to 300C: +/- 0.0048C; > 300 10 420C: +/- 0.0075C

ICL CALIBRATION LABORATORIES, INC.

An ISQOAEC 17025 & ANSINCSL Z-540-1 accredited laboratory - American Associstion for Laboratory Accreditation Certificere #526.01

/2) AL
J. JEFF KELLY, TECHNICAL DIRECTOR

DEBORAH M. WEBER, A.S.C.P. ACCREDITEDIECHNOLOGIST %ﬂfu{m_ M&’@

BRUCE MARKEY, V.P. TECHNICAL SERVICES This document prepared by LORI PARR and reviewed by KAREN ALLEBORN
DATE REPORT ISSUED: 07-28-2003 RECOMMENDED RECALIBRATION DATE: Juty 28, 2004

NIST GMP-11 (Mar ‘03), 'Good Measurement Fractice for Assignment and Adiustment of Calibration Intervals for Standards’ states that,
‘Temperature standards are dynamic with use. Shock, contamination and other factors can cause drift from accepted values’.

Table 4 of GMP-11 recommends recalibration of liguid-in-glass thermometers, standard thermistors and PRTs at 12 month intervals.
Liguid-in-glass thermometers used for 'Temperature Critical Parameters’ should be recalibrated at 6 month intervals.

NIST GMP-11 is available in Adobe .pdf format on our website at www.icllabs.com Follow the link for ‘Downloads’,

The API "Manual of Petroleum Measurement Standards’, Chapter 7, June, 2001, specifies a 12 month recalibration interval for
glass thermometers (see P. 8.3/ and for portable electronic thermometers {see P.8.2),

The user should be aware that any number of factors may cause this instrument to drift out of calibration before the specified calibration
interval has expired.

This Report of Test may not be reproduced except in full without the express written permission of ICL Calibration Laboratories, Inc.
This report applies only to the item calibrated.

SERIAL NUMBER: 302173 REPORT NUMBER: LG116585 PAGE 2 OF 2
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REPORT OF TEST

Dornayré

Platimsm Resiztance Thermometer
Hart Sclentific Model 5682 .
S/N 1035 q-9

HIBIT NO.
EXPEg -0

M. Green

Submitted by

ICL Cualibration Laboratories, Inc.
Stuart, Florida

A platium resistance thermometer (Model 5682, S/N 1035), was calibrated by comparison with a
standard platinum resistance thermometer (SPRT) in stirred liquid calibration baths ar four
temperatures. The scasor and SPRT were immersed to n depth of 30 cm. A triple point of water
(TPW) was measured by immersing the probe 26.5 cm in 2 TPW cell. A continuous measuring
current of 1 mA was uged in the measurements. The results obtained are:

Bath Temperature Resistance -
C Q
—195.868 18.9405
-38.802 85.1412
0.01 (TPW) o 100.8384
231,912 ' 190.8247
419.506 258.9729

The expanded uncertainty (k=2) in the bath temperature measurement of - 195.8 “C does not exceed
23 m'C, of -38.8 °C does not exceed 2.3 m *C, for the range of 9% “C 10 300 “C does not exceed
48m C. for the range of 300 °C to 550 “C does not exceed 7.5 m ‘C ; and for the TPW, 0.04 m °C.
For a discussion of the uncertainty, see NIST TN 1297, “Guidelines for Evaluating and Expressing
thsUncertainty of NIST Measurcment Results,” NIST TN 1411 “Reproducibility of the Temperature

ofthelce Point in Routine Measurements,” and NISTIR 6225, “A New NIST Automated Calibration
System for Industrizl-Grade Platinum Resistance Thermometers,” '

All temperatures in this report are on the International Temperature Scale of 1990 (ITS-90). This
tempernture scale was adopted by the Internations! Committee of Weights and Measures at its
meeting in September, 1989, and is described in “The International Temperature Scale of 1990”
Metrologia 27, No. 1, 3-10 (1590); Metrologia 27, 107 (1950).

For the Director
Nationa) Institute of Standards and Technology

d.. £

Test No.: 264825-01 Dr, Dean Ripple
g%)mg{lmd: May 9, 2001 , Leader, Thermometry Group
O, No.; 66629 Process Measurements Division ler
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REPORT OF TEST

Platinum Resistance Thermometer
Hart Scientific Model 5680
S/N 1085

Submitted by

ICL Calibration Laboratories, Inc.
' Stuart, Florida

A platinum resistance thermometer (Model 5680, S/N 1085), was calibrated by comparison with 2
standard platinum resistance thermometer (SPRT) in stirred liquid calibration baths at four
temperatures. The sensor and SPRT were immersed to a depth of 30 cm. A triple point of water
(TPW) was measured by immersing the probe 26.5 cm in 8 TPW cell. A continuous measuring
current of 1 mA was used in the measurements, The results obtained are: :

Bath Temperature Resistance

C Q
—-195.640 47778
-38.806 21.3764
0.01 (TPW) . 253182
231906 47.9169
419.506 65.0330

The expanded uncertainty (¥=2) in the bath temperature measurement of —195.6 “C does not exceed
2.3 m “C, of ~38.8 "C does not exceed 2.3 m "C, for the range of 95 "C to 300 “C does not exceed
4.8 m “C, for the range of 300 *C to 550 “C does not exceed 7.5 m “C ; and for the TPW, 0.04 m °C.
For a discussion of the uncertainty, see NIST TN 1297, “Guidelines for Evaluating and Expressing
the Uncertainty of NIST Measurement Results,” NIST TN 1411 “Reproducibility of the Temperature
of the Ice Point in Routine Measurements,” and NISTIR 6225, “A New NIST Automated Calibration
System for Industrial-Grade Platinum Resistance Thermometers.”

All temperatures in this report are on the Internationat Temperature Scale of 1990 (ITS-90). This
temperature scale was adopted by the International Committee of Weights and Measures at its
meeting in September, 1989, and is described in “The Intematlonal Temperature Scale of 1990",
Metrologia 27, No. 1, 3-10 (1990); Metrologia 27, 107 (1990).

For the Dlrector '
Nati nal Institute of Standards and Technology

<
Test No.: 266710-02 Dr. Dean Ripple

Completed: April 10, 2002 - Leader, Thermometry Group , _
‘P.O.No.: 67086 Process Measurements Division ler

UNITED STATES DEPARTMENT OF COMMERCE
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REPORT OF TEST

Platinum Resistance Thermometer
Hart Scientific Model 5680
S/N 1085

Submitted by

ICL Calibration Laboratories, Inc.
"~ Stuart, Florida

A platinum resistance thermometer (Model 5680, S/N 1085), was calibrated by comparison witha
standard platinum resistance thermometer (SPRT) in stirred liquid calibration baths at four
temperatures. The sensor and SPRT were.immersed to a depth of 30 cm. A triple point of water
{TPW) was measured by immersing the probe 26.5 ¢cm in a TPW cell. A continuous measuring
current of 1 mA was used in the measurements. The results obtained are:

Bath Temperature Resistance
°C ‘ Q
~-195.643 _ - 4.7769
-38.79% 21.3756
0.01 (TPW) 25.3170
231962 47.9191

419.559 . 65.0323

~ Theexpanded uncertainty (x=2) in the bath temperature measurement of - 195.6 °C does not exceed
2.3m "C, of -38.8 *C does not exceed 2.3 m “C, for the range of 95 *C to 300 "C does not exceed
4.8 m "C, for the range of 300 "C to 550 "C does not exceed 7.5 m "C ; and for the TPW, 1.4 m °C.
For a discussion of the uncertainty, see NIST TN 1297, “Guidelines for Evaluating and Expressing
the Uncertainty of NIST Measurement Results,” NIST TN 1411 “Reproducibility of the
Temperature of the Ice Point in Routine Measurements,” and NISTIR 6225, “A New NIST
Automated Calibration System for Industrial-Grade Platinum Resistance Thermometers.”

All temperatures in this report are on the Intemational Temperature Scale of 1990 (ITS-90). This
temperature scale was adopted by the International Committee of Weights and Measures at its
meeting in September, 1989, and is described in “The International Temperature Scale of 1990",
Metrologia 27, No. 1, 3-10 (1990); Metrologia 27, 107 (1990). - -

For the Director .
National Institute of Standards and Technology

v

TestNo.. 263085-00 Dr, Dean Ripple - -

Completed: April 19, 2000 . . | . Leader, Thermometry Group

P.O. No.: 066265A _— ... Process Measurements Division

.National inetitute of Standards and Technology

NIST
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REPORT OF CALIBRATION
. Intemational Temperature Scale of 1990

Standard Platinum Resistance Thermometer
Hart Scientific Model 5699
Serial Number 0159

Submitted by:
ICL Calibration Laboratories, Inc.
Stuart, FL 34994

- This standard platinum resistance thermometer (SPRT) was calibrated with an AC bridge operating at a
- frequency of 30p Hz and with continuous measuring currents of 1.0 mA and 1.414 mA. In accordance with the

International Temperature Scale of 1990 (ITS-90) that was officially adopted by the Comite” International des
Poids et Mesures (CIPM) in September 1989, the subranges from 83.8858 K to 273.16 K and 273.15 K to
692.677 K, with the following fixed points and their stated expanded uncertainties (k= 2), were used to calibrate
the thermometer. For a description of the uncertainties, see NISTIR 5319, 16 Pp., (1994), entitled "Assessment

of Uncertainties of Calibration of Resistance Thermometers at the National Institute of Standards and
Technology."

Fixed Point Temperature Expanded Uncertainty
where k=2
Too (X) to (O (mK)
Ar TP 83.8058 -189.3442 0.08
Hg TP 2343156 —-38.8344 0.15
H,0 TP 273.16 0.01 0.02
Sn FP 505.078 231.928 0.24
Zn FP 692.677 419.527 .41

The following values were determined for the coefficients of the pertinent deviation functions of the ITS-90, as
given in the attached material describing the scale. The attached tables were generated using these values.

Coefficlents for Zero-Power Dissipation Calibration Coefficients for 1 mA Calibration
4= —8.1949689E-05 28g= —-1.0087772E-04 a4= -8.4240654E-05 ag = -1.0147545E-04
by=  -1.6559779E-06 bg=  -7.2796096E-06 - b,= ~2.3376083E-06 by = —7.7646210E-06

The resistance of thig thermometer at 273.16 K was calculated to be 25.4670 2 at zero-power dissipation and
25.4670 Q at 1 mA. During calibration, the resistance at 273.16 K changed by the equivalent of 0.3 mK at zero-
power dissipation and 0.3 mK at 1 mA. '

This thermometer is satisfactory as a defining instrument of the ITS-90 in accordance with the criteria that
W(302.9146 K) 2 1.118 07 or W(234.3156 K) < 0.844 235

For the Director,
National Institute of Standards and Technology

Dean C. Ripple /a October 7, 2003

Leader, Thermometry Group Test No.: 836/269257-03
Process Measurements Division ' Purchase Order No.: 68157

NIST
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Preface to the 1994 Edition

The previous edition, which was the first, of this Nalional
Institute of Standards and Technology (NIST) Technical
Note (TN 1297} was inilially published in Jannary 1993, A
second priniing followed shortly thereafler, and in total
some 10 0D0 copies were distributed to individuals at NIST
and in both the United Slales at large and abroad — 10
metrologists, scientists, engineers, sintislicians, and others

who-arc-concerned-with-measurement-gid-the-evattation-—

and expression of (he uncerlainty of the resull of a
mensurement. On the whole, these individuals gave TN
1297 a very posilive receplion. We were, of course, plensed
that o document intended as a guide to NIST siafi’ was also
considered 1o be of significant value to (he intemational
meusurement comnumily.

Several of the recipients of the 1993 edition of TH 1297
asked us questions conceming some of the points i
uddressed and some it did not, In view of the nature of the
subject of evaluating and expressing  measurement
mncertainty ond the fact (hat the principles presented in
TN 1297 are intended to be applicable 1o a broad range of
measurements, such questions were not al all unexpecied.

1t soon oceurred 1o us that it might be helpful to the curent
and Muture users of TN 1297 il the most importont of these
questions were addressed in a new edition. To this end, we
have added 1o the 1993 cdition of TN 1207 & new appendix

— Appendix D—which attempts lo clarify and give
additional guidence on a number of topics, including the use
of certain temms such as accuracy and precision. We hope
fwt this new appendix will make this 1994 edition of
TN 1297 even more useful than ils predecessor.

We also took the opportunity provided ns by the preparation
of a new cdition of TN 1297 to make very minor word

changes in a few porlions of the text. These chunges were
made in order to recognize the official publication
October 1993 of the 180 Guide to the Expression of
Uncerainiy in Measurement on which TN 1297 s based
{for example, the reference to the Gride was updated), and
(o bring TN 1297 into full harmony with the Guide (for
example, “estimaled cosrection™ hus been changed (o simply
“eorrection,” and “can be asserted o lie"” has been changed
fo “is believed fo lie™).

September 1994

Barry N. Taylor

Chris E. Kuyall
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Guioelines for Evaluating and Bxpressing the Uncertainry of NIST Measurement Results

FOREWORD
{to the 1993 Edition)

Results of measurements and conclusions derived from them
conslitute much of the lechnical information produced by
NIST. 1t is penerally ogreed that the uwsefulness of
measurement resulis, and thus much of the informalion that
we provide as an msliution, is to a large extent delermined
by the quulity of the slalements of uncerlsinly thni
aceompony e, Far example, oy il quantitalive and
thoroughly dectnmented slatements of tneeylainty aceonipany
the resulls of NIST calibvutions can the usas o our
cudibration services establish their level of traceability o the
1.8, standards of measurement maintained at NIST,

This action was molivaled in part by the emerging
iniernational consensis on the approach lo cxpressing
uncerfainly  in  measurement  recommended by the
Intemational Commillee for Weighls and Measures (CIPM).
The movement foward the intemational adoption of the CIPM
approuch for exprossing uncertainly s driven (o o lurpe
extent by the plobal ceonmmy nned marketplace; its worldwide
wse will allow measurements perfonmed in different conntrics
and it scetors as <diverse as seience, engineering, conineree,
mdustry, and reguintion fo be more easily mnderstood,
interpreted, and compared.

Although (he vast majority of NIST mensurement resulls are
accompanied by quontilative statements ol uncertainty, there
has never been a uniform approach al NIST to the expression
of uncertainty, The use of a single approach wilhin the
Institute rather than many different approgches would ensure
the consistency of our oulputs, thereby smplifving their
interpretation.

To address this issue, in July 1992 I appointed & NIST Ad
Hoe Conmiltee on Uncerfainly Stalements and charged it
with recommending 1o me a NIST policy on this important
topic. The members of the Commiltee were:

D. C. Cramner

Maienials Science and Engineering Lahotatory

K. R, Eberardr
Compuling and Applicd Mathematics Laboralory

. M. Jwdigh
Electrimics and Fiecwical Dugineering Laboratory

R. A, Kamper
OIfce of the Director, NISTBoulder Labhomatories

C. E. RKuyatt

Physics Laboratory

) R. Rogenllagt

Computing and Applied Mathemauces Laboratory
). D. Biinmons

Technolopy Services

L. E. Smith

Office of the Direcror, NIST; Chalr

L. A. Swyt

Manufacturing Engincering Laboratory
3. N. Taylor

Physics LﬂbDl'ﬂlgl‘}'

. L, Waliers
Chemical Science and Technalogy 1.aboratory

Al sy request, the Ad Hoc Commiliee carclully reviewed the
neads of NIST customers regarding stalements of incertainty
and the compatibility of those needs with the CIPM
approach. It concluded that the CIPM approach could be used
{o provide quantitative expressions of mepsurement
uncertainty (hat would setisiv our cuslomers’ requirements.
The Ad Hoc Committee then recommended to me a specific
policy for the implementation of that approach at NIST. 1
enthusiasiically accepled ils recommendation and the policy
has been incorporated in the NIST Administrative Manual. (Il
is also included in this Technical Note as Appendix C.)

To assisl (he NIST staff in putting the palicy into practice,
two members of the Ad Hoe Commitlee prepared this
Technical Note. T befieve thal it provides a helpiii discussion
of the CIPM approuch and, with its aid, that the NIST policy
can be implemented without excessive difficulty. Furlier, |
belicve that because NIST statements of uncertainty resulting
from ihe policy will be miform among themselves and
conststent wilh current intermationan) practice, the policy will
help our customers increase their competitiveness i the
national and inlemational marketplaces.

January 1993

John W. Lyons
Direclor,
Nationa! Institute of Standards and Technology
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Guidetines for Fvaluating and Expressing the Uncertamey of NIST Measurement Resully

GUIDELINES FOR EVALUATING AND EXPRESSING THE
UNCERTAINTY OF NIST MEASUREMENT RESULTS

1. Introduction

i.1 In October 1992, a new policy ol expressing
measuremen! uncerlainty was institwied at NIST. This polisy
is sel forlh in “Statements of Uncertainty Associaled Wilh
Measurement  Results,” Appendix 1, NIST Techmical
Communicalions Program, Subchapter  4.09 of  the
Administrative Manual (reproduced as Appendix C of lhese
Garidelines).

1.2 The new NIST policy is based on the approach lo
expressing wicertainty in measurement recommended by the
CIPM! in 1981 [1] ond the elaboration of that approach

given m (he Guide fo the Lxpression of Uncertainty i

Measurentent (hereafier called the Guide}, which was
prepared by individuals nominated by the BIPM, 1EC, IS0,
or OIML [2}.! The CIPM approach is founded on
Recommendation INC-1 (1980} of the Working Group on
fhe Statement of Uncertainties [3]. This group was convened
in 1080 by the BIPM as a consequence ol a 19772 request
by the CIPM ihat ihe BIPM stody the guestion of reaching
an inlemational consensus on expressing uncerluinty in
messarement, The reguest was inilinted by then CIPM
member and NBS Bireclor 1. Ambler. A 19857 request by
the CIPM 10 180 asking it to develop a brondly applicable
guidance document based on Recommendation INC-1
(1980) led to the development of the Guide, It is af present
(he mosl complete reference on e general application of
the CIPM approach lo expressing meastrement uncerlaingy,
and its development is giving further impelus to the
worldwide adeplion of that approach.

1.3 Although the Gride sepresents the current intermational
view of how to express uncertaindy in measurement based
on the CIPM apyroacl, il is a rather lengthy document. We
have herefore prepared this Technical Note with the gonl of
succinelly presenting, in the context of the new NIST
policy, those aspects of the Guide that will be ol mos! use
{o the NIST stail in implementing that policy. We have also
included some suggestions that are nol contained in the

Yopn: termational  Committee for Weights and Measores;  DIPM:
Infermationn) Dureaw of Weights and Menswees; G Inemational
Fleciroteehicsl  Commiigsion,  150:  Imterational  Organization  for
Standardization; OIML: Intersational Orgnoization of Legad Metrofogy.

T hese dates have been corrected from those in e first (1993) edition of
TN 1227 and in the Grlde.

Guiddde or policy but which we believe are useful. However,
none of the guidance given in this Technical Note is to be
nteipreted as NIST poliey unless it i directly guoted from
the policy itself. Such cases will e clearly indiculed in the
iext,

1.4 The guidunee given in this Technical Note is mtended
fo be applicable 1o most, if not all, NIST measurement
resulls, including results associaled with

— intemational comparisons of measurement standards,
— basic research,

~ applied rescarch and engineering,

T Calibrating chicni measurément standards,”
— certifying standard reference materials, and

~ peneraling standard reflerence data,

Since the Guide itsell is inlended 1o be applicable to similar
kinds of measurement resulls, it meay be consulted for
pdditional delails. Classic exposilions of (he statistical
evaluation of measirement processes nee given in references
14-71.

2. Classification of Components of Uncertainty

2.1 In general, the result of a measurement is only an
approximation cr estimate of the value of the specific
quantify subject to measurement, that is, the measurand,
and thus the result is complete only when accompanied by
a quantilative statement of its uncertataty.

2.2 The uncerlainty of the resnlt of & measurement
penerally consists of several compoments which, m the
CIPM approach, may be grouped inlo two calegories
according to the method used to estimate their numerical
values:

A.  t{lese which are evaluated by statislical methods,

B. those whick are evauated by ather means.

2.3 There is not always a simple correspondence between
the classification of uncerlaingy components info calegeries
A oand B and the commenly used classification of
uncerlainty components as “rundow” and “systematic.” The
nature of an wicerlninty component is conditioned by the
use made of the corresponding quantity, thal is, on how that

SRR
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quantity appears in e mathematical model tun deseribes
(he measurement process. When the corresponding quantity
is used in s differest way, o “randont™ componenl may
become a “syslematic” component and vice versa, Thus the
tems “random uncerlainty™ and “systemalic uncerlainty”
can be misleading when generally applied. An allemative
nomenclature that mighl be used is

“‘component of uncertainly arising (rom a random effect,”

“component of wncertainty arising rom a syslematic
effeci,”

where a random effect 15 one that gives rise to a pessible
randomt error in the cnvent measnvemen! process and a
systemalic eflecl is one thal gives iise to a possible
systemalic error in {he current measurement process, In
principle, an
systematic effect may in sowe cases be evalualed by method

uncerlainly component arising Irom a

= e Aeyghile i other-enses by-method-I3-(seo subsection- 233 - a5

moy be an uncertpinty component arising from a random
effect,

NOTE ~ The dilfercnce hohween orrar and uncortuimty showld always
be bome in mind, Ior example, the vesull of a meesurement aficr
correction (soe subseclion 5.2) can unknowably be very close 1o [he
unknown value of the measurand, and thus have negligibie error, even
though il may have a large encerlainty {see the Guida §2]).

2.4 Rasic to the CIPM epproach is representing each
component of uncerlainty that contribules 1o the uncertainty
of a messurement result by an estimated slandard deviation,
lemed standard uncertainty with suggested symbol n),
and equal lo the posilive square root of the estimated
variance n%.

2.5 1t follows [rom subsections 22 and 24 thal an
uncertainly component in category A is represenied by a
statistically estimated slandard deviation &;, equal lo the
positive square rool of the statistically eslimaled variance s?,
ond lhe associated number of degrees of freedom v,. For
such a component the standard uncertainty is u, = §,.

The evalualion of wncertainty by lhe statistical annlysis of
series of observations is lesmed o Type A evaluativn (of

uncertainty).

2.6 In o similar manner, an uncerlainly component in
catepory B is represented by a quantily M. which may be
considered an approximation to the corresponding standard
deviation; it is equal to the posilive square root of n?’-, whigh
may be considered an approximation to the comaéponding
variance and which is obtained from an assumed probability
distribution based on all the available information (see

section 4}, Since the quanlily vy is lreated like o varimnee
ek w; like o stanclard deviation, Tor sueh o companent the
standard uncertainty is sinply o,

Thé evaination of uncerlainty by means olher than the
statistical analysis ol serics of cbservations is tetmed &
Type B evaluation (of uncertainty).

2.7 Corelations between components (of either category )
are characlerized by eslimated covariances fsee Appendix A,
Eq. (A-3)] or estimated conelation coelTicients.

3. Type A Evaluation of Standard Uncertainty

A Type A evaluation of slandard uncertainly may be based
on any valid statistical method for treating data. lixamples
are culenlating the stonderd devinlion of the mean of a
series ol mdependent observations [sce Appendix A, Eq. (A-
3 using the method of lenst squares (o it s crve to data
in order 1o estimalte the purameters of the curve and their
slandard deviations, md carrying out an analysis of variance
(ANOVA) in order to identify and quantiiy random etiects
in cerlain kinds of mcosurements. II the messurement
situation is especially complicaled, one should consider
obtaining the guidance of ¢ statistician. The NIST stafl can
consult and collaborate in (e development of stalistical
experiment designs, analysis of data, and other sspects of
the cvalualion the Slatistical
Engineering Division, Computing and Applied Mathemalics
Laboratory. Inasmuch as this Technical Nole does not
atlempl lo give delpiled slatistical techniques for carrying
out Type A evilualions, references [4-7], and reference (8]
in which a genaral appreach to quality control of
measurement syslems is sel forih, should be consulied for
basic principles and additional references.

of measurements with

4, Type B Evaluation of Standard Uncertainty

4.1 A Type B evaluation of stamdard wneertainly is usually
hascd on  scienlific judgment using all the relevant
information available, which may inclle
- previous mersurement dutn,
~ expertence with, or general knowledpe of, the
behavior und property of relevant molerinls and
nstonents,
- manulactiurer’s specilications,
~ data provided in calibration and other reports, and

— uncerlainties assigned to reference dala iaken [fom
handbooks.
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Some examples of Type B evaluaiions we given in
subsections 4.2 to 4.6,

4.2  Convert a quoted uncerlainty that is # stated multiple
of an estimated standard deviation 1o a slandard uncerlainky
by dividing (he quoted uncertainty by the muluplier.

4.3 Convert a quoted uncertainty Hat defmes a
“confidence interval® having a stoted level of confidence
(see subseclion 5.3, such as 95 or 9% percent, (o a standard
uncertainty by treating the quoted uneertainty as il a nonmal
distribution had been used {o caleulate it (unless otherwise
indicated) myd dividing it by the appropriate faclor for such
o distribution, hese foctors are 1,960 and 2,376 for the two
levels of coulidence given (see nlso the lust line of Table
1.1 of Appendix 11,

4.4 Model fhe quaniity in question by a normal
distribution und estimaie lower and upper limits o und a,

(e, +a_)/2 (ie., the center of the limits) and there is |
chance out of 2 (Le., a 50 percent probability) that (he valne
iy 1.48a,
where a = {a, -~ a_)/2 is the half-width of the interval.

of the quantity lics in the intervala_ 1o a,. Then &

4.5 Model the quantity in question by a normal
distribution and estmate lower and upper limits a_ ad @,
such that the besl estimaled value of the quantity is
(a, + a_)/2 and there is about a 2 oud of 3 chance (ie., 8 67
percent probability) that the value of the quantity Yes in the
interval a_ to @, Then H=a, where a = (a, - a )2

4.6 Estinalc lower and upper limils a_ and a, for the
vaive of the quantity I question such that fhe probability
(hat the value lies in the interval a_ to a, is, lor all practical
purpeses, 100 percent. Provided that there is no
contncictory information, reat the quantily as if it is
equally probable for its value to lic anywhere wilhin the
imterval a_ 1o a,; thal is, model it by a uniform or
reclangular probability distribution. The besi estimale ol the
value of the quantity is then {(a, + a )2 with ;= a/\ﬁ,
wlere o = (o, - u_)/Z.

If the distribution used lo model the quaniity is triangular
rather than reclangutar, then i, = a/46.

If the quantity in cuestion is modeled by a normal
distribution as in subsections 4.4 and 4.3, there are no finite
limits that will contain 100 percent of iis possible values,
However, plus and minus 3 standard devialions about the
mean of a normal distribution corresponds to 99.73 percent
limits. Thus, if the limits «_ and a, of a normally
distributed quantity with mean {a, + a_)/2 are considered to

contain “abmost ail” of the possible values of the quantity,
that is, approximately 99.73 percen( of them, then v, = af3,
where a = {a, - a_)/2.

The rectangular distribution is a reasonable default model in
the absence of any other information, Bul if' it is known thal
values of the quantity in question near the center of the
]imiiis are more likely (han values close lo the himits, a
trirngular or a normal distribution may be a betler model.

4.7 Becanse the relishility of evaluations of components
of uncerlainty depends on the quality of the information
gvailnble, it is recommerided that all poramefers upon which
e measurand depends be varied Lo the fublest extent
practicable so that the evaluations wre based og much v
possible on ohserved datn. Whenever lensible, the use of
empitient models of 1he messurement process founded on
long-term quantilutive dute, and the use of cheek stundurds
and control charts that can indieale if o measurement

sueh ™ iba (e~ bestestimated ~vatue ol ~the™ gquantity s~
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efforl to obtain reliable cvaluations of components of
uncertainty [8]. Type A evaluations of unceriainty based on
fimited data are nol neeessarily more reliable than soundly
based Type B evaluntions.

5. Combined Standard Uncertainty

5.1 The combined standard uncertainty of a measure-
meni tesult, suggested symbol n, s taken lo represent the
estimated standard devintion of the result. 1t is oblained by
combining the individual standard uncerlainties u, (and
covariances as appropriale), whether arising from 2 Type A
eveluation or & Type B evaluation, using the vsual method
for combining standard deviations. This method, which is
suminarized in Appendix A [Eq. {A-3)], is often called the
law of propagation of nneeriainty and in common parlance
the “root-sum-of-squares” (square root of the sum-of-the-
squares) or “RSS™ method of combining uncertainty
components estimated as sindard deviations.

NOTE — The NIST paolicy also aliows e use of eslablishod and
documented melhods equivalent to the “RSS" method, such as the
numcrically based "bootstrap™ (see Appendix C).

5.2 T is nssumed that a comection (or correction faclor) is
applied to compensate for each recognized sysiematic effect
that signilicantly influences the measurement result and that
every effort hias been made to identify such etlects. The
relevant wncerlainty to associate with each recognized
systematic effect is then the standard wncertainty of the
applied correction. The correclion may be either positive,
negative, or zero, and its standard uncertainty may in same
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cases be oblained [rom a Type A evaluation while in other
cases by a Type B evaluation.

NOTES

1 Fhe uncerlainty of a correclion applied lo o measuremant resull 1o
compensate for a yysiematic effeet is nol the syslematic emor in the
measwrement resull duee o the effect, Wnher, it 5 0 measure of (he
wncestainty of {he result due 10 incomplete knowledge of the requised
value of the correctien. The ternss “srror akl “uncertainty® should aot

be confused {see also the pole of subseciion 2,3).

2 Altbongh it is sirongly recommendded thal corrections be applied for
wlf rocognized signilican syslematic effects, in some eases it may not
by praclical becanse of limited resources. Meverlheless, the expression
of uncerfainty in such cases should conform swith dhese guidelines to

the Tubles! possible extent {yce the Guide [2]).

5.3 The combined standard uncertainly n_ is a widely
emploved measure of uncertainly. The NIST policy on
expressing uncerlainty states that (see Appendix C):

determinations of lundamental constants, fundamental
melrological research, and internalional comparisons
of realizations of 81 unils.

Expressing the uncertainty of NIST's primary cesium
Frequency standard as an estimaled standard deviation is an
example of the use of u_ in fundamental metrological
research, 11 should also be noled that in a 1986
recatamendation [9), the CIPM requesled that whal is now
termed combined standurd uncertainty #, be vsed “by all
porticipants in o giving the resuils of sl inlemational
comparisons or ofher work done under the auspices of the
CIPM und Comités Consultatifs.”

54 In many prclical measurement  situations, the
probability distribution characterized by the measusesnent
resull v and its combined slandard uncerlainty w{y} is
approximalaly normal {Gaussian). When ihis is the case and
u () itsell has negligible wncertainty (see Appendix B),
() defines an interval p - 1 (¥) 1o ¥ + () aboul the
measurement resull y within which (he valne of the
measurand ) estimated by v is believed Lo lie with a level
of confidence of approximaicly 68 percent. That is, il is
believed with an approximate level of confidence of 68
percent that v = u (¥} & ¥ < » + n (v} which is commoniy
wrillen as I'= y £ 0 ().

The probebility distribution  characterized by  the
measurement resuli and its combined standard uncertainty is
approximately normal when the conditions of the Central
Limit Theorem are mel. This is the case, ofien encountered
in practice, when the estimate y of (he mensurind I is not
determined directly but is obtained from the estimaled

_Commonly, wn, is used for reporling results of auidelines. zn interval bas

values of a significant nwnber of other quantilics [see
Appendix A, Eq. (A-1)] describable by well-behaved
probability distributions, such as the nommal and reclangular
disiributions; e standard wncerlainlies of he estimates of
these quantities contribute comparable amounts to the
combined standard ncerlninly n (v} of e measurement
tesnlt v und (he linear approximation implicd by Eq. (A-3)
in Appendix A is adequale,

NOTE - 17 ) bas ron-neghigile uncerdainty, the levdd of confidence
witl differ from GB percent. The procedure given in Appendix 1 has
been proposed g a simple oxpedient for approximating the level of

confidence in these cascs.

5.5 ‘The term ‘“confidence interval” has a spectfic
defimition in slatistics and is only applicable lo intervals
based on u, when certain conditions arc mel, including that
gll components of unccrtainty fhat contribute to u, be
obtained from Type A evaluations. Thus, in these

encompassing a fraction p of the probability distsibution

characterized by the measurement result and its combined
standatd unceriainty, and p is the coverage probabiliny or
level of confidence of the inlerval,

6. Expanded Uncertainty

6.1  Alhough the combined standard uncertainty n is vsed
fo express the meerlninty of many NIST measurement
resubls, Tor some commercial, industriol, wnd regulatory
applications of NIST results (¢.g., when health and salety
are soncerned), whal is olten required is o measure of
uncertninty thot defines an inlerval ubout the measurement
resull p within which the value of the measurand ¥ is
confidently believed lo tie. The measure of uncertainty
intended 1o meel this requirement is fermed expanded
uncertninty, suggested symbol U, and is oblained by
multiplying v .(v) by a coverage factor, suggested symbol
k. Thus U=/ku(») and it is confidently believed that

y-U&¥<p+ U, which is commonly wriflen as

F=ptl

It is to be underslood that subsection 3.5 also applies to the
interval defined by expanded uncertainty U.

6.2 In genersl, the value of the coverage factor k is
chosen un the basis of the desired level of confidence lo be
agsociated with the interval defined by U = ki, Typically,
K ig in the range 2 to 3. When the normal distribution
npplies and n, has negligible uncertainly (see subsection
5.4), U= 2u, (ie, k = 2) delines an interval having & level
ol confidence of mpproximalely 93 percent, and U/ = 3u,

d, on x, I8 vigwed as
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(i.c., k= 3) defines on inlerval Buving a level of confidence
greater thun 99 percent.

NOTE — For a quantity r described by o normnd distilution with
expectation . and standard devintion o, e inlervid p % ka
eneomipasses 68.27, 90, 9545, 99, and 99.72 pereent of the disuibation
fork =1, k= 1.645 k= 2,k = 2576, andd k = 3, respectively (see the
Inst Jine of Table B.1 of Appendix 13),

6.3 Ideally, one would like 1o be able to choose n specific
value of & that produces an interval comespouding to a wetl-
defined level of conflidence p, seh as 95 or 99 percent,
equivalently, for a given value of &, one would like to be
able 1o state unequivocally the Jevel of cenflidence
associated with that interval. This is difficull o do in
praclice hecause il requires knowing in censiderable detail
the probability distribution of each quantity upon which the
measurond depends and combining those distributions {o
oblain the distribution of the measurand.

of nen-rivial syslematic effects and the more complete the duta upon
which Ihe cslimates of the consclions for such offects ars hused, the
cleser one san get 1o this ideal {sce subsections 4.7 and 3.2).

6.4 The CIPM approsch does not specily how the relation
between & and p is lo be established. The Guide {2] and
Dietrich {10 give an approximate solution {o this problem
(sec Appendix BY, it is possible to implement others which
also approximate the resull of combining the probabiiity
distribufions assumed [or cach quantity upon which the
measurand  depends, for example, sohiions based on
mmmerical methods,

6.5 inlight of the discussion of subsections 6.1-6.4, and
in keeping with the practice adopled by olher national
slandards lnboratories and meirelogical
organizations, the staled NIST policy is (see Appendix C):

several

Use expanded uncertainty U/ to report the results of all
NIST measurements other than (hose for whichu, has
traditionally been employed. To he consistent with
corrent international practice, the value of k lo be
usect at NIST [or coleulating [/ is, by convenlion,
k= 2. Vuhies of k other than 2 are only to be used for
specific applications  dictated by established nnd
documenied requirements,

An example ol the nse of a value of & other than 2 is tking
% equal 1o a -lactor oblained from the »distribution when rr,

-has low degrees of [reedom in order to mect the diclated

requirement of providing & value of U= kn, that delines an
interval having a level of confidence close to 95 percent.

“NOTEZ ThE wiare therough1ive investigiion ol v poisinié exisivice™

{See Appendis B for a discussion ol how o value ol & Ut
produces such a vidue of ¢ might be approximalted.)

6.6 The NIST policy provides for exceplions us [ollows

(see Appendix C):

1t is undersioed that any valid statistical method {hai
is technically  justified  wnder  ihe  exisling
circumstances may be used to  delermine  (he
equivalen of w,, 1, or U. Further, il is recognized
that international, national, or contraciual agreements
1o whicl: NIST is o parly may oceasionally require
deviation from NIST policy. In both cases, the reporl
of uncertainty musl document what was done and
why.

7. Reporting Uncertainty

7.1 The slated NIST policy regarding reporiing

mpipcertalhty 15 (SeeATPOHTiN € - wonsn s o e

Reporl L together with the covernge fuctor & used to
obtain i, or repert w,.

When reporting & measurement resull ond its
uncertainty, include the following information in the
report ilse or by refemring to a published document:

— A list of all components of standard uneerainty,
logether with their degrees of freedom where
appropriate, and the resnling value of . The
componenls should be identified according to the
method used {o estimale their numerical values:

A. those which are evaluated by statistical
methods,

B. those which are evalualed by other
means.

— A detailed description of how each component of
standard uncertainty was evaluated.

~ A description of how & was chosen when & is net
tnken equal b 2.

Iois olen dosimble o provide o probability
inlerpretation, such os o level of confidence, for the
interval delincd by ¢/ or i, When this is done, The
basis for sueh o statement must be given.

7.2 The NIST requirement that & full descriplion of what
was done be given is in keeping with the generally accepted
view that when reporling 2 measurement resnlt and its
uncertainty, it is preferable to e on the side of providing
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ton mueh infornation rather than oo little, However, when
such details are provided to (he users of NIST measurement
resulls by referring to published docnments, which is often
the cuse when such resulbls are given in calibration and test
reports and certificales, il is imperative that the referenced
documents be kept up-to-date so thal they are consistent
with the measurement process in cirrent use.

7.3 The last paragraph of (he NiST policy on reporting
uncertainty (see subsection 7.1 above) refers o the
desirability of providing a probability interpretation, such as
# level of confidence, for the interval defined by U or a,,
The fotlowing examples show how (his might be done when
the wimericol resull of 8 mensurement und ils nssigned
uncerlainly is reported, nssuming that the published detailed
deseription of the measuremen! provides o sound busis for
the stnlements made. (In ench of the ihree enses, the
quunlidy whose valtie is being reporied is assumed fo be a
(Dominal 100 ¢ standaed of massm )

mg = {100,021 47 & 0.000 70) g, where the number
following the symbol £ is the numericai valve of an
expanded uncerlainty U = fur, with {7 determined from
a combined standard vncertainty {i.e., estimated standard
deviation) n, = 0.35 mg and a coverage lactor k= 2,
Since 1 can be ussmmed that the possible estimated
values of the standard are approximately normally
distributed with approximate standard deviation ., the
unknown value of the standard Js believed to lie in the
inlerval defined by O/ with a level of conlidence of
approximaiely 93 percent.

m, = (100.021 47 £ 0,000 79) g, where the number
following the symbol & is the numerical value of an
expanded wneertainty & = ku,, with 1/ determined {rom
a combined standard uncerlainty (i.e., estimated standard
devigtion) w, = (35 mg and o coverage fuclor k =2.26
based on the ~distribution for v = 9 degrees of freedon,
and defines an interval within which the tnknown value
ol the standard s believed 1o Jie with a fevel of

confidence ol approximately 95 percent.

m, = 100,021 47 g with a combined standard uncertainty
(ic., estimated slandard deviation) of n, = (.35 mg.
Since il can be assumed that the possible estimated
values of the standard are approximately normally
distributed with approximate standard deviation u, the
unknown value of the standard is believed to lie in the
terval with & of confidence of
approximately 68 percent

mg &, level

When providing such probability interpretations of the
intervals defined by UJ and u_, subsection 3.5 should he

recalled. In this regard, the interval defined by U in the
second example might be a conventional confidence interval
(at feast approximately) il all the compenents of uneerlainty
are oblained from Type A evaluations.

7.4  Some users of NIST measwrement resulls
automatically inlerpret &7 = 2u, and r, as quantitiss that
deline intervals having Jevels of confidence corresponding

{0 those of a.normal distribution, namely, 95 pereent and 68

may

percent, respectively. Thus, when reporling either I/ = 2u,
or u,, il it is known that the interval which U = 2u_ or n,
defines has a level of conlidence that differs significantly
from 95 percent or 68 percent, it should be so slated a5 an
nid to (he users of the measurement resull, In keeping willy
the NEST policy gnoled in subsection 6.5, when (he mensure
of uncertainty is expanded ineerlainty 1/, one nuy use o
value of & that does Tead lo o valoe of I thal defines on
lerval having o level of conlidence of 95 pocent il such

& value of I/ is necessory for o specific apptication diciated

by an eslablished and documented requirement.

7.5 In general, it is nol possible (o know in detail all of
the uses to which a particular NIST measwrement resuli will
be put, Thus, it is usvally inappropriate lo include m the
uncertainty reported for a NIST resull any compenent thal
arises from a NIST assessment of how the resnlt might be
entployed;, ihe quoied unceriwinly should normally be the
actual uncerlainly obtained al NIST.

7.6 It follows from subsection 7.5 that for standards sent
by customers to NIST for calibralion, the quoted mcerlainty
should not nommally include estimates of the uncertaintics
that may be inlroduced by the retum of the standard io the
customer’s laboralory or by its use there s a reference
stmdard for other meustements, Such uicerlainties are due,
for exumple, to effecls arising from lransportation of the
standard o the customer’s laboratory, including mechanical
damage; the passage of time; and differences belween (he
environmental conditions at the cuslomer’s laboratory and
al NIST. A caufion may be added 1o the reporled
uncertainty i any such effects are likely 10 be significant
md an additional uncerlainty for them may be estimated and
quoled. If, for the convenicnce of the customer, this
addilional uncertainty is combined with the uncertainty
oblained at NIST, a clear statement shounld be included
explaining that this has been done.

Such considerations are also relevant fo the uncerlainties
assigned to certified devices and malerials soid by NIST.
However, welljustified, nomal NIST practices, such as
including a component of uncertainty to account for the
instability of the device or malerial when il is known to be
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significant, are clearly necessary il (he assigned upcertainties
are o be meanmgful.
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Appendix A
Law of Propagation of Uncertainty

Al Tn mony cases a mensurand I is no! measared
directly, but is determined from Mo olber quuntilics
Xy, Npo oo Ay threugh o functional relation f

(A-1}

J‘. = ﬂ:\l 1 -\.1 3oy (\N)

Included smong the quantities X, are comections (or
correction fnctors) as described in subsection 3.2, as wel) as
quantities that take inlo aceount ofher sources ol variability,
guch  as  different observers, instruments, samples,
Juhoratores, and limes at which observalions are made {e.g.,
different days). Thus the function f of Eq. (A-1) shoukd
express not simply a physicel law bul a measurement
process, and in purticular, it should contain all quantilies
that can coniribule a significant wncertainty to the
measurement resuit.

A2 An estimale ol the measurand or oufput quantity 1,
denoted by y, is obteined from Eq. (A-1) vsmg iiput
, xy for the values of the N inpw
guantities Xy, Xy, oo, Ay Thus the owtput estimate v,
which 15 the result of the measwrement, is given by

estimales Xy, Xy, ...

M =./{x|’x29~ - :'\‘N)-

_ Probabitire,_sesondd edition. (Admm_ Hilger, Bristol,




{

1

{

Guidclines for Evaluating and wxpressing (he Uncertninty of NIST Mensurcment nesults

A3 The combined standard  uncerlainly  of  the
mensrement result p, designated by w {v) ond faken to
represent the estimated standard deviation of the result, is
the positive sguare rool of the estimoted varianee rr?r:(_v)

obtamed rom

N 2
ni = |

o1
u”(x;)
i=1 | O

(A-3)
N1

N
2y % o afu(.r,,{f).

=] gmiv] 9% ‘L"j

Equation (A-3) is based on a [irst-order Taylor series
spproximation of 1= LYV A, .., Xy and s
convenienlly referred to as the law of propagation of
uncertaingy. The partial derivalives ar/ax,. (often referred to
as sensiivity coefficients) wre equal to af/ax,. evalvaled al
I

input cstimate x;; and "'(xr'"‘,'i) is the estimated covariance
associnted with x; und X

Ad As an example of v Type A evaluntion, consitler an

input  quandjty .Y, is estimaied from »

; whose  value

independent obscrvations X,  of A} oblained under the same
condilions of measurement. In this case the input eslimate
x; is usually the sample mean
_ l n
TRV DR
" kel

(A-4)

and (he standard uncertainty n(x;) to be associated with x; is
the estimated slandard deviation of the mean

1

W) s(j&:,.)
| . w2 (A-5)
.2
Ty 2 Y

A5 As ap example of a Type B evaluation, consider an
inpul gquantity .\; whose value is estimated [ron an assumed
rectmgular probability distribution of lower limil a_ and
upper fimil ¢, In this cuse te inpud estimale is usunlly the
expectation ol the distribulion

X =, va)f?, (A-6)

and the standard uncertainty #(x,) lc be associnted with x, is
the positive square rool of the variance of the distribution

ulx;} = a/ﬁ,

(A-T)

Xp Tl is the standard uneertpinty assosiated with the

where a = (a,, ~ a )/ (see subsection 4.6),

NOTE -
pasoclated vindnnes B spproprialely wrillen ay .'r’(.'n',) anul the nasneistod
:sl.'lmlm'(l uncertainty a3 V), but Lor simplicity, Hll-\',-) and wly,} are

B e . . . ]
used. Similar considerations appiy (o he symbals a2 #) o 1 ).

When &, is obtalned from an mwsumed divladlatfon, the

Appendix B
Coverage Factors

B.1 This appendix summarizes a cenventional procedure,
given by the Guide [2) and Dieinich [10), intended for use
in calculating a coverage faclor k when the conditions of the
Central Limil Theorem are mel (see subsection 5.4) and (1)
o value other than A =2 is required for a specific
application diclated by an established and docremented
requirement; and (2) that value of k must provide an interval
having & level of confidence close to a specified value.

k, that prodnees an expanded uneertasinly U, = b u (V) that
defines aninlerval = U, sV s yp+ U, which s
commonly wrillen as I' =y & {/,, having an approximale
level of confidence p.

The four-step procedure is included in these guidelines
because it is expecled o find brond acceplunce
intemationally, due in part io its compulational convenience,
in much ihe same way lhat k=2 has become e
conventional covernge factor. However, although the
procedure is based on & proven approximaticn, it shouid not
be interpreled as being rigowous beceuse the approximation
is extrapolated to situations where its applicability has yet

to be fully invesligated.

B2 To estimate the value of such a coverage factor
requires Laking into account the uncertainty of u (v), that is,
how well u () cstimates Lhe standard deviation associnted
with the measwrenent resull, For an estimate of the standard
deviation of a normal distribution, the degrees of freedom
of the estimate, which depends on the size of the sample on
which the estimate is based, is a measure of its uncerlainty.
For a combined standard uncerlainty u {3, the “clleclive
degrees of freedony” vgp of w (), which is upproximuied by
appropriniely combining the degrees of frealom ol ity
components, is & measire of its uncertuinty, 1ence vypisa
key Toetor in determining &,. 1%or exomple, i v i Jess
than about 11, simply assmning that the uncerlainty of w,{v)
is negligible and taking & =2 may be inadeguale il an
expanded uncertainty L/ = ku (¥) thal defines an interval
having & level of confidence close to 95 percent is required
for a specific application. Mere specilieally, according 1o
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Table .1 (o be disenssed below), if vog = 8, kyg =23
rather than 2.9, In (his cose, and in other similar cases
where v ol w (V) is comparatively smell and an interval
having a level of confidence close o a specified level is
required, it is undikely that the uncertainty of u (v} would be
considered negligible. Instead, the small value of v g, and
thusg the wncertamty of u (1), would probably be (aken inta
account when determining #,.

B.3 The lourslep procedure for caleulating &, is as
folows:

1) Obtain v and u ( v) ns indicated in Appendix A,

2} listimate (he effective degrees of freedom vy of 5,(3)
fyoin the Welch-Satterthwaile formula

rrcd(_v)
Vorr - (B-1)

appropriate statisticul methods [73. Tn the common case
discussed 1 subsection A4 where x; :,?i and u(x;) = s X',.),
the degrees of freedom of niy;) is v,=n -1 1 m
paramelers are eslimated by [3tting & curve o # data points
by the method of least squares, the degrees of freedom of
the standard uncertninly of each paramter is » - ar.

The degrees of freedom fo associate with a standard
uncentainty a(x;} oblained from a Type B evaluation is more
problemntic. However, it is common practice to carry oul
such cvalualions in o manner that enswes thal an
underestimation is avoided. For example, when lower and
upper Hmits e and a, are sel as in e case discossed in
subsection A.5, they are usually chosen in such o way thal
the probabilily of the quantily in guestion lying oulside
these limils is in fuel extremely small. Under the assuniplion
that his proctice is [ollowed, (he degrees of freedom ol
ufx;) may be laken fo be v, = .

=1 i

where ¢; = Df/B,\',., all of the nu(x,) are mwtually slatistically
independent, v, is the degrees of freedom of u(x;), and

N
Vefy = E\"r" (B-2)
=]

The degrees of freedom of e stundard uncertainly n(x;)
oblained from & Type A cvaluation is dclermined by

assumption is not juslified,

3) Obtain (he t-luctor .'F(veﬁ) far the required level of
confidence p from a table of values of /,(v) from the
t-distribution, such as Table I3.1 of this Appendix. If v g is
not an integer, which will nsually be the case, either
interpolale or truncate v g to the next lower imleger.

4) Tuke &, = 1,(v,rp) and caleulate U, = Irpnc(y).
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Table B.1 — Value of 1,(v) [rom the -distribution for degrees of frecdom v thet defines an intervul =1{v) 1o

+4,(v) that encompasses the Iraclion p of the distribution

Degrees of Fraction p in pereent
freadom
v 68.2712) 90 95 95435 99 99.73(@)
l 1.84 6.31 12,71 13.97 63,66 235.80
2 [.32 292 4.30 4.53 9.92 19.21
3 1.20 235 318 331 5.84 922
4 1.14 2,13 2,78 .57 4,60 6.62
3 1.1t 2.02 2.57 265 4.03 53]
6 1.09 1.94 2,45 2.52 3.7 4.90
7 1.08 1.89 2.36 243 3.50 4.53
8 1.07 1.86 2.31 237 336 4.28
9 1.06 1.83 226 232 325 4.09
1t 1.05 1.80 220 2325 3H 385
12 1.04 1.78 218 223 305 3.76
13 1.04 <177 2.16 221 3.01 3.6%
14 1.04 1.76 2.14 2.20 2.98 3.64
15 1.03 1.75 2.13 2.18 295 3.59
i6 1.03 1.75 212 2.17 2.9 3.54
17 1.03 1,74 2.1 216 2.90 354
I8 1.03 173 2.10 2.15 2.88 348
H9 1.03 1,73 249 2,14 286 145
20 1.03 1.72 2.09 2,13 183 142
25 1.02 1.71 2.06 2.1 2.79 333
30 1.02 1.70 2.04 2.09 275 327
33 1.01 1.70 2.03 2.07 2.72 3323
40 1.01 1.68 202 2.06 2.7 330
45 1.01 1.68 2.0% 2.06 2.69 3.18
50 1.0l 1.68 2.01 203 2.68 316
100 1.003 1.660 1.984 2025 2.626 3.077
oo 1.000 1.645 1.960 2.000 2.576 3.000
@For g quantity z described by a normal distribution with expectation . and standard deviation , the
interval g, + ko encompasses p = 68.27, 95.45, and 99.73 percent ol the distribulion for & = 1, 2, and
3, respectively.

1
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Appendix C

NIST Technical Communnicalions Proprum

APPENDIX E

STATEMENTS OF UNCERTAINTY ASSOCIATED WITH
MEASUREMENT RESULTS

A measurement result is complele when
accompanied by o quantilative of

unceriainty, This policy requires that NIST measurement

only
stalement ity
results be accompanied by such slatements and that a
uniform approach (o expressing measurernent uncerlainty
be followed.

1. Backeround

Since the early 1980s, an intemmational consensus has
been developing on o uniferm approach fo the expression
of uncertainly in measurement. Many of NIST’s sister
nationnl slandards laborafories as well as & number of
imporient  metrological  organizations, including
Weslern Eurapean Calibration Cooperation (WECC) and
EUROMET, have adopted the approach recommended by
the Inlemational Commiilee for Weights and Measures
(CIPM) in t981 [1] and reaffirmed by the CIPM in 1986
(2}

the

Equally impertant, lhe CIPM approach has come into use
mn o signilicant number of areas at NIST and is also
becoming accepled in LS. indusiry. For exampie, the
Nationsl Conlerence of Standards Laboratories (NCSL)
is using it o develop a Recommended Practice on
measurement uncerlainty for NCSL member laboratories.

‘The CIPM approach is bascd on Resonunendation INC-1
(1980) of the Working Group on the Siatemenl of
Uncertainties [3]. This group was convened in 1980 by
the Intemational Bureau of Weights and Mersures (BIPM)
in respense lo w request by the CIPM. More recently, af
fhe request of the CIPM, u joint BIPM/AEC/ISO/OIML
working group developed n comprehensive reference
dociment on the general opplication «f the CIPM
upproach titled Gridle fo the Expression of Uncertainty in

Measuremens [4] (JEC. Intemational Eleciroiechnical

NIST Adininistrative Mannal

Commission; 180: Intemational Organization  for
Standardization. OIML: International Organization of
Legal Metrology). The development of the Guide is
providing further impetus to the worldwide adoption of

the CIPM approach,

2. Policy

ANl NIST measurement results are to be uccmnpaim.db},;
guantitalive ststements of uncerlainly. To ensure that
such strlements are consistent with each other and with
present inlernational proctice, this NIST policy adopts in
substunce the approsch to expressing measurement
uneertainty recommended by the Intemationn] Commitiee
for Weights and Measures {CIPM). The CIPM approach
as adapted lor use by NIST is;

D) Standard Uncertainty: Represent each componenl of
uncertainty thol contributes to the uncertainty of the
measurement result by an estimated standard deviation
u,, termed standard uncertainty, equal lo the positive
square root of the estimated variance u?f.

Determine  the

of

2) Combined Standard  Uncertainty.
combined standard uncertainty
measurement resull, taken to represent the estimated
stondard deviation of the result, by combining the
individual standard uncerlainties »; (and covariances as

U, the

approprisle) using the wsual “rool-sum-of-squares”
method, or equivalent established and documented
methods.

Commonly, n, is used for reporting resulis of
determinntions of Fundamental constunts, Tindumental
melrological research, end intemational comparisons of

realizations of St unils.

4.09 Appendix I
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NIST Technical Communications Program

3) Expanded  Uncertainfi:.  Delermine an  expanded
uncertainty Uby mulliplying # by a coverage factor
ki U =ku_. The pupese of I/ is lo provide an interval
v - L/ te y+ U aboul the result 3 within which the
of Y, the

mensurement and estimated by y, can be asserled to lie

value specilic  quantity  subjest  lo
with a high level of confidence. Thus one can
confidently asserl that y - U £V <y + U, which is

commonly written as ¥ =y £ U/,

Use expanded uncertainty / to report the resulls of ol
NIST measurements other than those for which i has
traditionnlly been employed. To be consistent with
current inlernational prastice, the value of £ 10 be
used ai NIST for coleulating I s, by convenlion,

e Yalaes of krother thar Zwe-only - beused-for

specific  applications  dictated by  established and
documented requirements.

4) Reporting Uncertainn:, Report U together wilh the
coverage factor & used 1o obtain it, or report u,,.

When messurement  resull and its

uncertainty, include the following information in the

reporling a2
reporl itself ar by referring to 2 published document:

— A list of all components of standard uncerlainty,
logether with their degrees of [reedom where
appropriate, and the resulting value of w . The
components should be idenitfied according to the
method used Lo estimate their numerical values:

A, those which are evolualed by slatistical
methods,

. those which are evaluated by other means.

~ A delaited deseription of how each component of
standard uncertainty was evaluated.

— A description of how & was chosen when & is not
laken equal to 2.

It is often desirable (o
interpretation, such as a level of confidence, for the

interval defined by U or v . When this is done, (he

provide a  probebility

basis for such a statement must be given.

NIST Adminsstrative Manual

b, The Statistical Bngincering Division, Compueiitg, and

Additional guidance on the use of the CIPM approach at
NIST may be found in Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Resulls
[5]. A more detailed discussion of the CIPM approach is
given in the Guide to the Expression of Uncertainiy in
Measurement [4]. Classic exposilions of the statistical
evaluation of mmeasuremen! processes arg  given in
references 16-81.

3. Responsibilities

1. Operating Unit Directors are responsible for complinnee
with tis policy,

Applicd Mathematics Laboratory, 13 responsible for
providing technical ndvice on statistical methods for
evaluating and expressing the uncertninly of NIST
measurement resulls.

c. NIST Editoria} Review Boards are respensible for
ensuring that stalenicnts of measurement uncertainty ore
meluded in NI1ST publications and other technical oulputs
under their jurisdiction which report measurement results
and that such siatemenls are in conformity with this

policy.

d. The Calibrations Advisory Group is responsible for
ensuring (hat calibrotion and test reports and other
technica) outputs under its jurisdiclion are in complinmee
with this policy.

¢. The Standard Reference Materials and  Slandard
Reference Data programs are responsible for ensuring that
under their jurisdiction are in

technical  outpuls

compliance with this policy.

f. Authors, as part of the process of preparing
manuscripts and other techuical outputs, are responsible
for formuialing measurement uncertainty slalements
consistent with this policy. These siatements must be

present in drafts submitied for NIST review and approval.

4.09 Appendix E
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4. Exceptions

It is undersicod thal any valid statistical method that is
teehnically justified under the existing circumstances may
be used io delermine the equivalent of iy, U, or i
Further, il is recognized that inlernationel, nationul, or
contraeiun] agreemenls to which NEST is o party may
occasionully roquire deviation from this policy. In bath
cases, the report of uneerlainly must document what was
done wnd why.
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Appendix D
Clarffication and Additional Guidance

As indicuted in our Preface Lo his second (19943 edition of
TN 1297, Appendix I3 has been added lo clarily and
provide additional guidance en a number of topics. 1 was
prepared in response lo questions asked since (he publication
of the first (1993} edition.

D.t Terminology

D.1.1
used in connection with the subject of measurentent
uncertainty, such  as

There are a number of terms thal are commonly
accuracy  of  measurement,
reproducibility of results of measurements, and correction.
One can avoid confusion by using such terms iy ¢ way that
is consistent with other intermuliona! documents.

Definitions of many of these lerms are given in the

Metrofogy [1D.1], the title of which is connuonly abbreviated
VIM. The VIM and he Guide may be viewed as companion
documents inasmuch us the VIM, like the Guide, was
developed by IS0 ‘Technical Advisory Group 4 {TAG 4), in
this case by s Working Group 1 (WG 1), and the VIM,
like the Guide, was published by TS0 in the name of the
seven organizotions that participale m the work of TAG 4.
Indeed, the Guide contains the VIM definitions of 24
relevant lerms, For the convenience of the users of
TN 1297, the definilions of eight of these lerms are jncluded
here,

NOTE - In the following definitione, the use of parentheses around
certain words of some tenms means (hat the words may by omilted if
this is unlkikely 10 eause confsion. The VIM identification number for
8 pasticular lenm is shown in brackets aficr the lerm.

D1 L1 accuracy of measurement [VIM 3.5]
closeness of the agreement between the result of a

measurement and the value of the measurand
NOTES
I *Accwacy” is o qualitative concept.

2 The term precision shauld not be used for “aceuracy”

TN 1297 Connnemis:

| The phrse “a true value of (he meusurand™ (or

somelimes sitply “o true valee™), which is used i the VIM
delinition of 1his and other lerms, has been replaced here
and elsewhere with (he phrase “the value of the measurand.”
This has been done to reflect the view of the Grride, which
we share, lhat “a true value of a measurand” is simply the

International Vocabulary of Basie and Geueral Terms in

value of the measurand. (Sce subclause 1D.3.5 of the Guide
[or further discussion.}

2 Decause “nccuracy” is o qualitative concepl, one shoild
noli wse il quantitatively, ihal is, associale numbers with it
numbers should be associnted with memsures of uncerisinty
instend. Thus one may write “the standord weerluinty is
2 1£2” but not “the scenracy is 2 2"

3 To avoid confusion and the profiferalion of undefined,
qualitative terms, we recommend that the word “inaccuracy”™

nol be used.

4 The VIM does nol give a definition for “precision”
because of the many definisions that exist for this word, For
a discussion ol precision, sce subsection 13.1.2,

D.1.1.2 repeatability (of resnlts of measurements) [ VIM
3.6]

measuremeants of (e same measurand carried oul under the
same conditions of measurement
NOTES
1 Theso conditions are called repentubibity condiions
2 Nepeatability comditions include:
- the same measuremeni procesdure
- ihe same obscrver

- (he same measuring instrument, used ander the same

conditions
- the same locaticn
- repelilion nver a short peiod of time,
3 Repealabilily may be expressed gquantiatively in lorms of the

dispersion characteristics of the resulls.

D.1.1.3 reproducibility (of results of measurements)

[VIM 3.7]
closeness of ihe agreement belween the results of

measurements of the same measurand carried oul under
changed conditions of measurement

NOTES

1 A wvalid statement of reproducibility sequires spectication of the

eondlitions chanped.

2 the changed conditions may Include:
- prnciple of messurement
= et of measurement

- observer

- Ghseness ol ha sgrzement between the results of successive L e
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~  memuring insinimen
- reference standard

- localion

— conditions of use

- lime.

3 Reproducibility may be expressed guantilatively in lenns ol (he

dispersion characleristics of the vesulls.

4 Resulls are here usually undersiood (o be corrected resulis.

D.i.1.4 error (of measurement) [VIM 3.10}
resull of g measurement minus the value of the measurand

NOTES

1 Sinee the value of the nesasurand cannol be determined, In practice

a conventienal value is Jsometimes] used (see [VEM} LYY nud 1.20),

u

e D Whaeny il bnpmtzenat pobu dislinghish e ol Gam 2 elative eroeLibe ...

former ix somelimes ealicd whsohete errar of measurenjent. This
showld not be confised with abselute value of ervor, which Iy the
modules of the error.

IN 1297 Comments.

1 As pointed ont in the Guide, il the resull of a
measurement depends on the vaines of quantities other than
the measurand, the errors of the measured values of these
quanlities contribtte 1o the emor of the result of the
measurement.

2 In general, the enor of measurement is unknown because
the value of the measurand is unknown. However, the
unceriainty of the resull of a measureient may be
evaluated.

3 As also pointed oul in the Gride, if a device (laken 1o
inclnde measurement standards, reference materials, eic.) is
tested hrough o comparison with & known reference
slandard and the uncertuminties associated with the standard
ond 1he comparison procedure can be assumed to be
negligible relative to the required uncerlainty of ihe test, he
comparison may be viewed ns delermining the error of the
device.

D.1.1.5 random error [VIM 3.13]
result of a measurement minus the mean that would result

from an infinite number of easwrements of the same
measurand carried out under repeatability conditions

NOTES

1 Random error is equal 10 ervor minus sysiemalic eiror,

e FIOTEE s i et m e

2 Because only a findle number of measurements san be mads, il is

possible to detenmine only an estimmale of mndom error,

N J' 207 Comment:

The concepl of random error is also often applied when the
conditions of meastrement are changed (see subsection
D.1.1.3). For example, one can conceive ol oblaining
measurement resulls from meny different observers while
holding all other conditiens constant, and then caleulating
the mean of the results as well as an appropriaie measure of
their dispersion {2.g., lhe vuriance or standard deviation of
the results).

D.L1.6 systematic error [VIM 3.14]
mean thal would result from an infinite number of

measurements of the same measarand enrricd oul wder
repeatability conditieits minus the value of (he menstyand

1 Syslomalic erroy is oqual (o coror minus candom crioe,

2 Like the value of the measurand, syslematic ermor and ite canses

sannot he completely known.

3 For a measiing instrament, ses “bias™ {[VIM] 5.25}

TN 1297 Commants:

] As pointed out in the Guide, the error of the result of &
measuremenl may often be considered as erising [rom a
number of mndom and systematic effects that contribute
individual components of error to the error of (he result.

2 Although the temm biss is oflen used as a synonyn: for
the tenn systemsiic error, because systemalic erTor is
defined in a broadly applicable way v the VIM while bias
is defined only in connection with a measuring instrument,
we recommend the use of the term sysiematic error.

D147 correction [VIM 3.15]
value added alpebraically lo the wncorrected result of o

meusitrement lo compensate for systemalic error
NOTLES
§ The comecticn js equal to the negative of the eslimated sysicmalic
etror.

2 Sinte the svsiematic emrer cannot be known perfectly, the

competsalion cannat be compieie.

D.1.1.8 correction factor [VIM 3.16)
numerical facler by which the uncorrected result of a

measurement is maltiplied to compensate for systematic
error




;
I

{
1
Guidelines for Evaluating and wapressing the Uncertainty of NIST Measuremen ..esults

NOTE - Since (he syelemalic crror canuut be known perleetly, the

compensalion cannol be complete,

D12 As indicawed i subsection D.1.1.1, TN 1297
coniment 4, the VIM does not give o definition for the word
“precision.” Flowever, 180 3534-1 {12.2] defines precision
to mean “the closeness of agreement belween independent
test resulls obtnined under stipulated conditions.” Further, it
views (he concepl of precision as emcompassing both
repeatability and reprodueibilily (sce subseetions D.1.1.2 and
D,1.1.3) since it defines repenlability ns “precision ander
repeatability conditions,” and reproducibilily as *“precision
under reproducibilily conditions.” Nevertheless, precision is
often fuken fo mean simply repeatability,

The fern precision, as well ns the teoms acewracy,
repeatnbility, reproducibility, variabiliiy, and uncertuinty, are
exampies of terms (hat represent qualilative concepts and
thus should be used with care, In particular, it is our strong

-recommendation.-that-such-{erms-not.be-vsed.as. synonyms....

or labels for quantitative eslimates. For example, the
stutement  “the precision of the measureiment resulls,
expressed as the standard deviation oblained under
repeatability conditions, 18 2 pQ)” is acceptable, but the
sitement “ihe precision of (he meusurement resulls is 2
pe2” is not. {See also subsection D.1.1.1, TN 1297 ¢omment
2)

Although reference [.2] siates thal “The menswre of
precision is usually expressed in termms ol imprecision and
computed as o standard deviation of the test results,” we
recommendd [hat to avoid confusion, the word “impyecision”
not be vsed; standurd devialion and stundard uncerlninty wre
preferred, us appropriate (see subsection 1J.1.5).

it should alse be bome iy mind that the NIST policy on
expressing (he uncerlainly of measurement results vormally
requires the use of the terms standard uncertainty, combined
slandard  uncertainty, expanded uncertainty, or (heir
“relative” foms (see subsection 13.1.4), and the Listing of all
componenss of slandard uncertainty. Hence the use of (erms
such as sccuracy, precisien, and bias should nomally be as
adjuncts to the required terms and their relalionship to the
required {erms should be made clear. This situntion is
similar to the NIST policy on the use of uniis that are not
part of the SI: the SI unifs must be stated [irst, with the
unis that are not part of the Sl in parentheses (see
subsection 1.6.2).

D.1.3  The designations “A™ and “B” apply to the two
distinct metheds by which uncertainly components may be
evetfuated, However, [or convenience, a staadard uncerlainty
obamed from o Type A evaluntion may be culled ¢ Tvpe 4

standord uncertaingy, and o standard uncertainly obtained
from a type B evaluation may be catled a Type B standard
wneertainiy, This means that:

(1) “A™ and “B™ have nothing lo do with the traditional
lenus “random” and “systematic”,

(2) there are na “Type' A errors” or “Type B errors™, and

(3} “Random wcertainty” (.., an wcerlpinty component
thaol arises from a random cifect) s not o synonym [or
Type A standard  uncertainly, and  “sysleniatic
uncerainty” (e, nn wncerlainty component that arises
from o comeclion for a systematic cror) is not a
synonym for Type B stendard uncertainty,

in fact, we recommend that the tens “random uncertamty”
and  “systemalic uncerlainly” be avoided because (he
adjectives “random” and “systemsiic,” while appropriale

‘medifiers for the word “error,” are not appropriate modifiers

for the word “uncerininty” (one can hardly hmagine an
uncertainly component fhat varies rapdomly or that is
systematic).

D4 10 ulx,) is & standard uncerfainty, then n(_\:,.)/ ix;1,
x20, is the corresponding relative standard wnceriainty, il
(¥} is a combined siandard uncerlaingy, then uc(_v)/ vl
vz}, is the coresponding relafive combined siandard
uncertainty, and il U=kn (39 is an expanded wncerlainty,
then Ufly|, y20, is the comresponding relasive expanded
uneertainry, Such refalive wncerlaintics moy be readily
indjcated by using a subscripl *t for the word “relative,”
Thus rr,(x,)ﬁu(.r,)/|_rf|, Hclr(j‘)ﬁﬂu(_‘r’)/ll‘[‘ and U,EU/M.

D15 As pointed oot i subsection 1. 1.2, Ihe use ol e
terms standard uncerlninly, combined stendard nncertainly,
expanded uncertainty, or their equivalent “relative™ forms
{sze subscction 1.1.4), is normally required by NIST policy.
Alemale terms shonid therefore play a subsidiary role in
any NIST publication that reports the resudt of a
measurement and ils wneerlainty, However, since it will inke
some lime before the meanings of these lerms become well
known, they should be defmed al the beginning of a paper
or when {irst used. In the latter case, this may be done by
writing, for example, “the standard wncertainty (estimated
standard  deviation) is #{R)=2 nQ)™, or “the expanded
uncertainty (coverage fuctor k=2 and thus & two-standard-
deviation eslimaie) is U=4 p2.”

It should also be recognized that, while an estimated
standard deviation that is & component of unceriainty of a
meastrement  result is properly ealled a “slandard
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n

uncertainly,” nol every cstimaled standard devialion is
neeessarily o standared uncenainty,

D16 Words such as “estimated”™ or “limits of” should
normully not he used Lo maodify “standwrd uncerininty,”
Hcowbined stundard wncertninty,” Yexpanded uncertninty,”
lhe “relative” [omms of these ferms {see subseclion D.1.4),
or more generally “wncerfainty.” The wond “uncertainty,” by
its very nature, implics that the oncertainty of the result of
& measurernent is an estimate and generally does not have
well-defined limis.

D.1.7  The phrase “components of uncertainly that
coniribute to the uncerlainty of the measurement result” can
have two distinct meanings. For example, if the input
eslimates x; are uncorrelated, Bq. (A-3} of Appendix A may
be writlen as

where ¢, = ffax, and u{¥)

ALIEN?

In kg (D-1), both w(x) and () can he considered
componends of uncerininly of the meastremen resull p, This
is beenuse the wix) ave the slandard uncerlainties of the
inpul estimates x, on which the outpul estimate or
mensurement resull v depends;, and the w()) are the
stndard wncertainties of which the vombined standard
uneertainty () of the measurement resul( y is composed.
Tn short, both u(x,) and 1 v) can be viewed as components
of uncertainty that give rise to the combined standard
unceriainty #{ v} of the measurement result y. This implies
that in subsections 2.4 fo 2.6, 4.4 10 4.6, and 6.6; m 1) and
2) of section 2 of Appendix C; and in section 4 of Appendix
C, the symbols u;, &, or u; may be viewed as representing
either u(x,) or w( ). '

When one gives the components of uncerlainty of a result
of a measurement, it is recommended thal one also give the
standard uncentainties u{x;} of the inpul estimales x,, the
sensitivity coefficients ¢; = a/faxj, and the standard
uncertainties n{y) = |e|n(x;) of which the combined
standard uncertainty u () is composed { so-called standard
uncerlainly components of combined standard uncertainty).

P8 The VIM gives the name “experimental standard
devintion of the menn” fo the quaniity ,s'(.\._'f) ol 15q. (A-5)of
Appendix A of this Technical Note, and the name
“experimentn] standard deviation” {o the quantity s(; ;) =
Vi 5(X ). We believe that these are convenient, descriptive

N N
e W= Nl s Ty, DD
f=1 Jul

terms, ond (ierefore sugges! that NIST authors consider
using hem,

D2 ldentificatlon of uncertainty conmpoenents

D21 the NIST policy on expressing munsuremenl
uncerfainty  sioles  (hat  all  components  of  stundurd
ancertainty “should be identified according 10 the melhod
used lo estimnte their numerical values: A. those which are
evalualed by statistical methods, H. those which are
evalualed by olher means.”

Such identification will usunlly be readily appurent i (he
“detailed description of how exch componeni of standard
encerteinty was evalvaled” that is vequired by the NIST
policy, However, such identification can also be given in a
table which lists tie componenls of slandard unceriainty.
Tables D.1 and D.2, which are based on the end-gauge

Table D.1 — Uncertainty Budget:
End-Gauge Calibration

Source of Stanchard
saouree o uncerluinty
uncertninly
’ {nm)
Calibration of slandard end
gauge 25 (B)
Measured difference between
end gauges:
repealed observalions 58 (A)
random effects of
comparator 39(A)
systemalic elfects of
comparalor 6.7 (B)
‘Thermal expansion of
standard end gauge 1.7 (B)
Temperalure of lest bed:
mean temperature ol bed 38 (A)
cyclic vartation of
femperature of room 10.2 (13)
Difference in expangion
coelticients ol end gouges 2.9 (1)
Dillerence in temperstures of
end puuges 16.6(13)
Combined standerd uncertainty: (/) = 34 nm
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Table D.2 ~ Uncertainty Budget: End-Gauge Calibration

T G T B e I IR VG AT A ) T ey

Standard unceriainties Stndard wneerlainlies
[rom random effects from systematic effects
Source of in the currenl measurement process in 1he current measurement process
uncerlainty (3m) ()
Type A Type B Type A type B
evaluation cvilnation evaluation evatnation
Calibration of standard end gauge 25
Measured difference between end
gauges:
repealed observaiions 5.8
random elfects of comparator KR
sysicmalic eflects of
comparsor 6.7
S TheTmal ERpREIoG ol Bldmdard T T T - o -
end gunuge 1.7
Temperature ol test bed.
mean lemperature of bed 5.8
cyclic variation of temperalure
of room 10.2
bifference in expansion
coefficients of end gauges 2.9
Difference in temperatures of end
gauges 16.6
Combined standard uncertainty: v {f}= 34 nm

caolibration exampie of the Guide {subclause 11.1}, ore two
exumples of such lables.

D22  In Table M1, the melhod used to evaluste a
prrficuder stmdard uncertainty is shown in parenlleses. In
Table 132, the method is indicated by using different
columans. The latler table also shows how one can indicate
whether a component arose Irom o rondom effect in the
current messuremcent process or from a sysiematic effect in
the current measurement process, assuming that such
information is belicved to be useful to the reader.

If & standard uncertainty is obtained {rom a source ouiside
of tie current measurement process and the nature of its
individual components are unknows (which will often be the
case), il may be classified as having been obtained from a
Type B evaluation. IT the standard uncerlainty from an

oulside source is known to be composed of components
ohtained (rom both Type A and Type B evaluations but the
magnitudes of the individusl components are unksown, then
one may indicate this by using (A,13) ralher than (B) m a
fable sueh as 12.1.

On the other hand, a stemdard vncertainly known o be
composed ol components obluined from Type A evalualions
alone should be classified as a Type A standard uncertainty,
while a standard uncertainty known (o be composed of
componenis oblained from Type B evaluations alone should
be classified as a Type B standard uncertainty.

In this same vein, if the combined standard uncertainly
1{¥) of the measurement resull is obtained from Type A
standard uncerlainties (and covariances) only, it loo may be
considered Type A, even thongh po direct observations were

18
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made of the measurand ¥ of which the measurement resull
p is an estimate. Similaly, if a combined standard
uncerlainty is obtained from Type B standard uncerlninties
{and covariances) onty, il too may be considersd Type B.

D.3 Equation {A-2)

D.3.1  In fhe most general sense, Eq. (A-2} of Appandix
A of this Technical Note,

Y gf(xl’xi’.""rx”)‘ (A-2)

is a symbolic representation of the procedure (or algorithm)
usctt lo oblain the oulpul estimate v, which is the result of
the measurement, from the individual input estimates x,. For
example, some of the x; may themsclves depend on
additional inpul estimates:

LB B W W)
Xy = 32(21:21: LR ZL)

elc.

Or the ouiput estimate v may be expressible simply s

y=x-C+C+ .+,

where the C, are comections, for example, for the operator,
for ihe ambienl lempernture, for the laboratory, ete. Some ot
all of the C; may be estimated {0 be near zero based on the
gvnilable information, but they cun siill have standard
uncertainties that are large enongh to contribute significantly
1o the combined standurd uncerluindy of the meestirement
resull and which therefore must be evalnnted,

NOTE - 1 some simations, a corection for a parficular effect and ils
stncnrd uncertainly are estimated to be negligible relative 1o lhe
required combined slandasd uncertaimy of 1he measnrement resubl, and
for ndded confidence, an experimental test s canied out that confinns
Jhe estimaie bul (he siandar] unceriainly of fhe iest resudt is not
negligible. In such cases, if other evidence indicates that the estitonle
is in fact reliable, the standart uncertainty of the Lest resull need not be
included in the unceriainty budget and bath the correclion and its
slandard uneertainty can be taken as nepligible.

DJ  Measurand defined by the mensurement method;
characterization of test methods; simple calibration

D.4.1  The approach (o evalualing and expressing the
wncertainty ol a measurement result on which the NIST
policy and this Technical Note are based is applicable to
evaluating and expressing the nncertainty of the estimated
value of o measurend that is defined by a standard methad

_interlaboratory_comparisons, Execution of

of measurement. In this case, the uncerainty depends not
ouly on the repeatability and reproducibility of the
measurement resulls (see subsections 12.1.1.2 and 1.1.1.3),
but afse on how well one believes the standard measurement
method has been implemented. (See example H.6 of the
Guide )

When reporting the estimated value and uncerlainty of such
2 meastmend, one should always moke clear that the
measurand  is  defined by a4 particular method of
mensurcment and indicate whal {hat method is. One should
also give the measwand 4 name which indicates thal it is
defined by a measurement method, for example, by ndding
2 modifier such as “convenlional.” (See slso subsection
D.6.1)

D.4.2  There arc nalionsl ns well as international standards
{hat discuss the charcledzaiion of test methods by

according to these slandards, both in the characlenzabion
stnge and in subsequent measurement progrms, often calls
for the expression of uncerlainties in terms of defined
measures of repeatability and reproducibility. When MNIST
aulhors participale in such characlerization or measurement
programs, NIST policy allows for the results lo be expressed
as required by the relevanl standards (sce Appendix C,
section 4). However, when NIST authors document WOTK
according to such standards, they should consider nking
{he resuliing publicntion understandable 1o a broad audience.
This mighl be achieved in part by giving definilions of the
ferms nsed, perhaps in a footnole, If possible, NIST aulhors
should retate these temms (o Those of this Teehnical Note and
ol the Guide.

1Ta fest melhod is emploved al NIST to oblain measurement
reswlts for reasons other than those described above, il is
expected that the uncertainties of these measurement results
will be evaluated and reporied nccording to section 2 of the
NIST policy (see Appendix C). This would be the case, for
example, il meusurement results from a characlerized test
method are compared to these from a new methed of
measuremenl  which hes not been characterized by
interiaboratory comparisons.

D43 When an unknown standard is calibrated i terms
of a known reference standard oi lower levels of the
measurement hierarchy, the uncertainty of the resul( of
calibration may have as few as (wo components: a single
Type A standard uncerlainty evaluated from the pooled
experimental  standard devintion  that characlcrizes the
calibration process; md n single Type B (or possibly
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Type A) stundard uncerlginly obtained [rom the calibyation
cerlificale of the known relerence standard.

NOTE - The porslbility of wnsuspected sysienatic effoets in the
calibration process wed 1o calibrate the soknown standard whould,
hiwever, ol bo overlooll.

ns 1, and the quantle {, _,

D51 As pointed out in the Guide, (he rdistribution is
oflen tabulaled in quantiles. That is, vatues of the quantile
1-y are given, where | - o denoles the cumulative
probabikity and the relation

- =jll_af(r,v Yot

—tm

defines (he quantile, where f is the probability density
funciion of ¢ Thus A of s Technical Note and of the
e
vatue of the quantile fygy5, for which 1 - o = 0.975 and
¢ = 0.025, iz the some os 1,0v) for p = (.95, It should be
noted, however, that in seference §D.2] the symbol p is used
for the cumulative probebility 1 - o, and the resubting 1,(v)
is enlied the “quantile of order p of the ¢ variable with v
degrees of freedom.” Clearly, the values of £,(v) defined in
{his wuy diller from ihe values of !P{v) defined as in s
Technical Note and in the Guide, and given in Table 1B.1
(which is of the same form as that given in reference [10]).
Thus, one nrust use (ables of tabulated values of rp(v) wilh
some care,

D.6  Uncertainty and nnits of the SE proper use of éhe
81 and quantity and unit symbols

D61 As pointed out in the Guide, the resnll of a
measurement is somelimes expressed in tenns of the
adopted valve of & measurcment standard or in terms of o
conventional reference value rather than in terms of the
relevant unit of the SI. (This is an example of a silualion in
which all significant compenents of uncertainty are nol
{aken into accounl) In such cases the magnitude of the
uncertainly ascribable to the measurement resull may be
significanlly smuller Mun when that result s expressed in
ihe relevant 81 unil. This practice is not disallowed by the
NIST policy, but il should always be made clear when the
proctice is being fotlowed. In addition, one should ahways
give some indication of the values of the cemponenis of
nugertainly sol taken into necount. The following example

15 taken from the Guide. (See also subsection 2.4.1.)

ENAMPLE — A high-quality Zener vellage standasd is calibrated by
componison witls o Josephson offoct volinge refercnce haned o he
convenlional valow of the Josephson comtant recemmended for
internafional sy by Ihe CIPM. e mlitlve comblued amadned
uncorliinty wlly )/l-"..; af the calibrined polentlad dilference Py ol the
Zener standord is 270078 whon Fy is roparied In tem of the
convenlional vihwe, but # (g )/I-’s is 4#10°7 when Py Is reported in
terms of fhe § unit of potential difference, (he voli {¥), because afl the
addilional uncerfainty nssosiated will the 1 value of the Josephsan

constanl.

D.6.2  NIST Speciot Publication 811, 1995 Edition {D.3],
pives guidance or: the use of the SI and on the rules and
style conventions regarding quantity and wnit symbols. In
particular, it elnborates upon the NIST policy regarding the
81 and explains why abbreviations such as ppm and ppb and
termms such as normality and molarity should nol be used.
NIST authors should consult NIST SP 811 if they have any

are el Dy pom ] o R G LT A D e, e et o e e e s o < e e e
questions concemmg the proper way lo express the values

of quantities and their uncerlainties.
D.7 References

112.1] 180, International Focabilary of Basie and General
Terms in Metrology, second  edition  (Infemational
Organization for Standardization, Geneva, Switzerlind,
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1SO Technical Advisory Group 4 (TAG 4), Working Group
1 (WG 1), ISO/TAG 4 has as its sponsors the BIPM, TEC,
IFCC (Intermational Federation of Clinical Chemistry), 180,
TUPAC (Inlernationnt Union of Pure and  Applied
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Applied Physivs), aud OIML. The individual members of
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{he name of all seven organizations. NIST staff members
may obiin a single copy of the VIM from the NIST
Calibration Program.

[D.2] ISO 3534-1:1993, Statistios— Focabulary and svmbols
— Part 1: Probabilitv and general statistical terms
fInternalional Orgenization for Standardization, Geneva,
Switzerland, 1993).

|12.3] B. N. Taylor, Guide for the Use of the hnernational
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Bdition (U.8. Govermnest Printing Office, Washington, DC,
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Traceability - NIST Policy and Supplementary Materials

NIST has developed an organizational policy on traceability and a set of related
supplemeniary materials, which includes answers to questions frequently asked by
customers of NIST measurement services. The policy and supplemeniary materials are
intended to serve as a resource Jor NIST customers.

NIST is responsible for developing, maintaining and disseminating national standards ~
realizations of the Si - for the basic measurement quantities, and for many derived
measuremnent quantities. NIST is also responsible for assessing the measurement
uncertainties associated with the values assigned to these measurement standards. As such,

-+ fhc convept of meusurcinent-bucsubilily is-central to NIST s mission. NISTES cusiomaors ...
frequently ask questions about traceability and about NIST’s role in traceability. 1t is not
always obvious what NIST s role is in helping other organizations- establish traceability of

(heir measurement resuits to standards developed and maintained by NIST.

The primary purpose of the NIST Policy on Traceability 1s to state the NI1ST role with
respect to traceability. The Policy presents the definition of measurement traceability used
by NIST, and clarifies the roles of NIST and others in achieving traceability of
measurement results for measurements both internal and external to NIST.

The NIST Policy on Traceability also addresses the role of NIST in providing its customers
with the tools they need (a) to assist them in establishing traceability of their measurement
resuits, and (b) to assess the claims of traceability made by others. This is achieved directly
through the provision of NIST measurement-related products and services, through
collaboration with relevant organizations, through development and dissemination of
technical information on traceability, and through conducting coordinated outreach
programs.

The Policy, along with Supplementary Materials and NIST publications, supports NIST in
arbiculating a consistent message regarding its role in traceability, and provides a basis for
NIST to focus its efforts on needed communication and training areas. Related NIST
outreach programs, referenced in the Policy, also represent and articulate the NIST role in
traceability. The Supplementary Materials are intended to assist NIST staff in their
understanding, interpretation, and implementation of the Policy, and to serve as a resource
for NIST customers.

The NIST Policy on Traceability is contained in the NIST Administrative Manual,
Subchapter 5.16.

EXHIBIT NO.2
XU X
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NIST Policy on Traceability
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NIST has developed an organizational policy on traceability and a sel of relaicd
supplementary materials, which includes answers lo questions frequently asked by customers
of NIST measurement services. The policy and supplementary materials are intended to serve

as a resource for NIST customers.
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The mission of NIST is to develop and promote ineasurement, standards, and-technology to
enhance productivity, facilitate tradc, and improve the quality of life. To help meet the
measurement and standards needs of U.S. industry and the nation, NIST provides
calibrations, standard reference materials, standard reference data, test methods, proficiency
evaluation materials, measurement quality assurance programs, and laboratory accreditation
services that assist a customicr in establishing traceability of results of measurements or
values of standards.

Traceability requires the establishment of an unbroken chain of comparisons to stated
references. NIST assures the traceability of results of measurements or values of standards
that NIST itself provides, either directly or through an official NIST program or
coltaboration. Other organizations are responsible for establishing the traceability of their
own results or values to those of NIST or other staled references. NIST has adopted this
policy statement to document the NIST role with respect fo traceability.

Statement of Policy

To support the conduct of its mission and to ensure that the use of its name, products, and j
services i consistent with its authority and responsibility, NIST:

I. Adopts for its own use and recommends for use by others the definition of
traceability provided in the most recent version of the International Vocabulary of
Rasic and General Terms in Metrology: "property of the result of a measurement o
the value of a standard whereby it can be related (o stated references, usually national
or international standards, through an unbroken chain of comparisons all having
stated uncertainties." (International Vocabulary of Basic and General Terms in

Metrology (VIM), BIPM, IEC, IFCC, ISO, JUPAC, IUPAP, OIML, 26 ed. 1993,

definition 6.10)
Establishes traceability of the results of its own measurements and values of its own
standards and of results and values provided to customers in NIST calibration and

EXHIBIT &
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measurement certificates, operating in accordance with the NIST System Jor Assuring

Quality in the Resulls of Measurements Delivered to Customers in Calibration and

{ Measurement Certificates see hitp:.//www.nist. gov/mistsysteny/

3. Asserts that providing support for a claim of traceability of the result of a
measurement or value of a standard is the responsibility of the provider of that result
or value, whether that provider is NIST or another organization; and that assessing the
validity of such a claim is the responsibility of the user of that result or value.

4. Communicates, especially where claims expressing or implying the contrary are

of measurements or values of standards except those that NIST itself provides, either
directly or through an official NIST program or collaboration. {See also NIST
Administrative Manual, Subchapter 5.03, NIST Policy on Use of its Name in
Advertising at http.//ts.nist. gov/iraceability/503.htm)

5. Collaborates on development of standard definitions, interpretations, and
recommended practices with organizations that have authority and responsibility for
variously defining, specifying, assuring. or certifying traceability.

6. Develops and disseminates technical information on traceability and conducts
coordinated outreach programs on issues of traceability and related requirements.

7. Assigns responsibility for oversight of implementation of the NIST policy on

T traceability to the NIS T Meéasureiient Services Advisory Group.

Return to the NIST Policy on Traceability - Introduction

w— e — i
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Please send comments or questions to traceability@nist.gov

NIST is an agency of the U.8, Commerce Depariment's Technology Adwinistration

HEME Websiie Technicnl Contaet: [SWebmusier

Web page erenteds Apeil 16, 2001
modilied: December 3, 2002

http://ts.nist.gov/traceability/nisi%20traceability%20policy-external.him 8/3/2004
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NIST has developed an organizational policy on traceability and a set of related
© supplementary materials, which includes answers fo questions frequently asked by cusiomers
of NIST measurement services. The policy and supplementary materials are intended fo serve
as a resource for NIST customers.

I. Definitions

11 Frequently Asked Questions ™

-

A. Questions about Traceability in General
1. What is fraceability?

2. ls it correct to say that measurements or standards are tracea ble?

iceable?

raceability?

. Is it correct to say that an organization i

3
4. Who is responsible for supporting claims of
5. What do I need o do o support a claim_of traccability?

6. Who is responsible for assessing the validity.o [ claims of traceability?

7. What should 1 loolk for in a valid glaim_of traceability?

B. Questions about Establishing Traceability

b...‘_u.... bt il -+ 2L
1. What is_ involved in establishing traceabihity?

2. Who is responsible for establishing the fraccability of measurement resulls?

3. Does the comparison of measurement resulls or, values with stated references |
neged to b amined periodically? What are the criteria for judging if the
compart

5. To_establish the traceability of measurement result for a particular measurand,
.i.s-iLal_s_Q___nszgggsal_'y__i:g,;c:gt_ﬂlzﬂ§1Lth_@..t1iaggabilil:}a_szie_l.llQilxg;z_y_al.ug_s,,gﬁ_n_ sasured
quantities associated with the measurand, especially those that might contyibute 1

in a relatively minor way?

C. Questions about NIST and NIST’s Role in Traceal

2. What is NI1STs role in lraceabitity? q —4—07

3. What is mean(_by the phrase "trageable lo NIST?? M. Green
4. lw
5. How does NIST ¢

1t my_ measurement resulis fo be truceable to NIST, What do 1 have to da?

s the traceability of its own measurement results?

EXHIBIT 9
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6. How does NIST support its ownclaims of traceability?

7. Does NIST certify the traceabilily_of ils own measurement resulls?

8. Does NIST certify the traceability of measurement results other than its own?

9. Given that NIST operates the National Voluntary_Laboratory Accreditation -
Program (NVLAP), & NEST stands behind claims of
traceability madeby. N,VLAI -A 00T e__l_icd labs?

D. Questions about NIST Products and Services

1. Does NIST have publications that explain what traceability is and how to achieve
i?

2. What products and
to establish traceability?

3. 1f | have an instrument orariifad calibrated at NIST, does that make my
measurement results iraceable to NIST?

4. If ) purchase an SR M, does that make my, measurement resulls traceable to

nd services does NIST provide in support of customers seeking

NIST?
5. 1f | purchase an NTRM, does that make my measurement results traceable to
U 1 L3

uaccablllty ln Nl‘i F Undel w]mt
a to be "stated references"?

6. NIST data are often used i claims of
conditions.can.one consider NIST dat

7. Can an organizalion claim_{raceability fo NIST hy having i indtviduat instoument
cmnp()ncm:a,n,;ﬂ1hrqlul at M[S T711 s0, is that the same as_sending the entire
instrument to NIST™ for calibration?

8. How should a cusiomer caim_tnccability to NISTif NIST needs to use two or
more of its own siandards to calibrate the customer instrument, standard, or
artifact?

9. Can a customer claim traczabilily_to NIST for something that NIST cannot
calibrate directly?

E. Questions about MIRAs and Traceability

1. What is the CIPM MRA mnd what does it have to do with fraceability?

2. If a laboratory._esta blishes traceability of its measurement results 1o standards
mamlmncd by.a Ncmon:\[ Mcmunemem Inshtule (NM )that is a signaiory to the
nenl resulls are

U dCCdb]C m Rmndm ds mdmtamed by othel s] g,natmy NM 1s?

* 3, What are laboratory acereclitation MRAs and what do they have fo do with
tracgability?

4, Begause NIST sN ational Voluntary Laboratory Accreditation Program
(NVLAP) is a sigatorylo muliple MRAs with other accreditation bodies, does
that mean NIST sternds behing daims of traceability made by any laboratory

ited by any other MRA _signatory?

111. Emmples of NIST Programs in Traceability
A. Traceability for Personnel Radiation Dosimetry
B. Traceability forRadiopharmaceuticals
C. Traceability of Calibration Sources for Radioanalytical Instruments
D. Traceability of Commercially Produced Gas Mixture Standards

http://ts.nist. gov/traceability/suppl matls for nist policy rev.him 8/3/2004
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Traceability of the Optical Absorbance Scale

. Traceability fo the International Temperature Scale of 1990 (ITS-90)
. Traceability to the Coordinated Ulljygrsz1l Time Scale

IV.Glossary of Terms
V.References

ZoAH

I. Definitions of Key Terms in Statement of Policy

results of measurement - According to the VIM: the value attributed to a measurand,
obtained by measurement, where the measurand is the particuiar quantity subject to

" measurément and the value of the quaiitity 1§ the magnitude of the particuiar quantity; ~—— -~
generally expressed as a unit of measurement multiplied by a number.

measuring instrument, or measuring system intended to define, realize, conserve, or
reproduce a unit or one or more values of a quantity to serve as a reference.

value of a standard - According to the VIM: the value attributed to a material measure,

unbroken chain of comparisons - Here taken to mean the complete, explicitly described,
and documented series of comparisons that successively link the value and uncertainty ofa
result of measurement with the values and uncertainties of each of the intermediate
reference standards and the highest reference standard to which traceability for the result of
measurement is claimed.

stated reference - Here taken to mean "stated reference standard”, where: (1) stated here
means explicitly set forth in supporting documentation, and (2) a reference standard, which,
according to the VIM, is a standard, generally having the highest metrological quality
available at a given location or in a given organization, from which measurements there are
derived.

national standard - Here taken to mean "national measurement standard", which,
according to the VIM, is a standard recognized by a national decision to serve in a country
as the basis for assigning values to other standards of the quantity concerned.

international standard - Here taken to mean "intemational measurement standard",
which, according to the VIM, is a standard recognized by an international agreement to
serve internationally as the basis for assigning values to other standards of the guantity
concerned.

stated uncertainties - Here meaning uncertainty of measurement that: (1) fulfills the VIM
definition as the parameter, associated with the result of a measurement, that characterizes
the dispersion of values that could reasonably be attributed to the measurand; (2) is
evaluated and expressed according to the general rules given in the ISO Guide to the

hitp://ts.nist.gov/traceability/suppl matls for nist policy rev.htm 8/3/2004
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Expression of Uncertainty in Measurement (or other sound and accepted method); and (3) 1s
o explicitly set forth in supporting documentation.

b provider of result or value - Thatis, the provider of the result of a measurement or the
value of a standard, here meaning the individual or organization that supplies for use the
result of measurement or value of standard for which traceability is being asserted.

user of result or value - That is, the user of the result of a measurement or a value of a
standard, here meaning the individual or organization that receives for use the result of
measurement or value of standard for which traceability is being asserted.

organizations that have authority and responsibility for variously defining, specifying,
assuring, or certifying traceability - Here meaning any regulatory agency, standards
developing organization, accreditation body, trade association or the like, which, by law or
mutual agreement, is assigned or takes on authority and responsibility for some aspect of
defining, specifying, assuring, or certitying traceability.

defining traceability - Here meaning fo authoritatively state or set forth the (operational)
voeee.meaning of the term "traceability " L.
specifying traceability - Here meaning to assert a requirement for traceability in a given
situation.

assuring traceability - Here meaning to provide support for the claim of traccability of
the result of a given measurement or value of a standard.

certifying traceability - Here meaning to formally attest that traceability exists in 2 given
situation.

official NIST program or collaboration - Here meaning a NIST program or
collaboration, officially approved by NIST management, in which NIST formally assuves or
certifies traceability of the results of measurements or values of standards other than those
that NIST itself provides.

Contents ]

I1. Frequently Asked Questions
A. Quesfions about Traceability in General

1. What is tracecability?

The definition of traceability that has achieved global acceptance in the metrology

http://is.nist. gov/traceability/suppl matls for nist policy rev.htm 8/3/2004 \
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community is contained in the International Vocabulary of Basic and General Terms in
o Metrology (VIM; 1993):

hE “...the property of the result of a measurement or the value of a standard whereby it can be
retated to stated references, usually national or international standards, through an unbroken
chain of comparisons, all having stated uncertaintics."

It is important to note that traceability is the property of the result of a measurement, not of
an instrument or calibration report or laboratory. It is not achieved by following any one
particular procedure or using special equipment. Merely having an instrument calibrated,
even by NIST, is not enough to make the measurement result obtained from that instrument
traceable to realizations of the appropriate SI unit or other stated references. The
measurement system by which values are transferred must be clearly understood and under
control. '

“Contents__ )
e

2. Is it correct to say that measurements or standards are traceable?

Only measurement results and values of standards are traceable.

- Contents -

e T T R A S R T

3. Is it correct to say that an organization is traceable?

Organizations cannot be traceable. Only measurement resulls and values of standards can be
traceable.

- Contents

4. Who is responsible for supporting claims of traceability?

The provider of the result of a measurement or value of a standard is responsible for
supporting its claim of the traceability of that result or value. This is the case whether that
provider is NIST or another organization.

Contents

5. What do I need to do to support a claim of traceability?

http://ts.nist.gov/traceability/suppl matls for nist policy rev.him 8/3/2004
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To support a claim, the provider of a measurement result or value of a standard must
- document the measurement process or system used 10 establish the claim and provide a

" description of the chain of comparisons that were used to establish a connection to a
particular stated reference. There are several common elements (o all valid statements or
claims of traceability:

@ aclcarly defined particular quantity that has been measured

@ a complete description of the measurement system or working standard used to perform the
measurement '

W 2 stated measurement resuit or value, with a documented uncertainty

f® a complete specification of the stated reference at the time the measurement system or worki
standard
was compared fo it

f@ an ‘internal measurement assurance’ program for establishing the status of the measurement
system or
working standard at all times pertinent to the claim of traceability

té an ‘internal measurement assurance’ program for establishing the status of the stated referen
the time
that the measurcment system or working standard was compared fo it

or rigor to be determined depending on {he level of uncertainty at issue and what is needed
to dermonstrate its credibility. Users of a measurement result are responsible for determining
what is adequate to meet their needs.

For information and guidance on expressing measurement uncertainty, see
http://physics.nist.gov/cuu/,

{See checklist for supporting a claim of traceability through calibration for additional
guidance}

Contents

6. Who is responsible for assessing the validity of claims of traceability?

The user of the result of a measurement or value of a standard is responsible for assessing
the validity of a claim of traceability. However, as discussed in Question 4 above, the
provider is responsible for providing the necessary information that the user assesses.

Contents

B — ‘-"
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7. What shonid I look for in a valid claim of traceability?

See Question 3 above, which provides information on what the provider of a measurcment
result or value of a standard should do to support a claim of traceability. As a user, you
should look for these elements. {Also see checklist for supporting a claim of traceability
through calibration}

____,=http://ts.nist.gqv/traceability/suppl matls for nist policy rev.btm 8/3/2004
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B. Questions about Establishing Traceability

1. What is involved in establishing traccahility?

Per the VIM definition, traceability is established through "an unbroken chain of
comparisons, all having stated uncertainties." In practical terms, this means having in place,
for each link in the chain:

b

b

-

a clearly defined particular quantity that has been measured

a complete description of the measurement system or working standard used to perform the
measurement

a stated measurement result or value, with a documented uncertainty

a complete specification of the stated teference at the time the meastirement systeny or-worki
standard was compared to it

an ‘internal measurement assurance’ program for cstablishing the status of the measurement
system or working standard at all times pertinent to the claim of traceability

an ‘internal measurement assurance’ program for establishing the status of the stated referen

the time that the measurement system or working standard was compared to it.

An infernal measurement assurance program may be quite simple or very complex, the level

or rigor to be determined depending on the level of uncertainty at issue and what is needed
to demonstrate its credibility. Users of a measurement result are responsible for determining
what is adequate to meet their needs.

For information and guidance on expressing measurement uncertainty, see
http://physics.nist.govicuw/.

2. Who is responsible for establishing the traceability of measurement results?

The provider of the result of a measurement is responsible for establishing the traceability
of this result. This is the case whether that provider is NIST or another organization.

http://ts. nist.pov/iraceability/suppl matls for nist policy rev.him
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3. Does the comparison of measurement results or values with stated references need fo be
reexamined periodically? What arc the criferia for | ndging if the comparison is successful?
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Yes, the comparison does need (o be reexamined periodically, and the criteria for judging
success are dependent on many things. To be considered are: the measurement
requirements, the needs of the client, the dependability of the equipment and standards, the
environmental effects, etc. For more details, see Reference 1.

Contents |

DL T PO P PP R T

4. Is a NIST Test Report Number sufficient evidence of traceability?

Test report numbers issued by NIST are used solely for administrative purposes. Although
they often uniguely identify documents that bear evidence of traceability, test report
numbers themselves do not address the issues listed in [1.B.1 above, and should not be
considered as the sole evidence of traceability.

Contents
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5. To establish the traceability of a measurcment result for a particular measurand, is it alse
necessary to establish the traceability of all other values of measured quantities associated with
the measurand, especially those that might contribute in a relatively minor way? For example,
when making a dimensional measurement, do the measurements of barometric pressure,

_humidity, and temperature for a dimensional measurement need to be traceable to the

nternational System of Units (SI)?

As a general principle, the definition of traceability in the V 1M suggests that it is necessary
to establish the traceability of all associated measurement quantities upon which the
measurement result depends. A measurement result depends upon an associated
measurement quantity, such as a dimensional measurement result depends wpon barometric
pressure, humidity, and temperature, if the value of, and/or the variation in that quantity
contributes significantly to the value or stated uncertainty of the measurement result.

As a practical matter, the contribution of a measurement quantity to a measurement result is
significant if a change in the value or uncertamty of the measurement quantity corresponds
to a change in the significant figures of the stated value or uncertainty of the measurement
result. When this is the case, traceability for the measurement of the associated
measurement quantity should be established. The required levels of uncertainty that must be
achieved for these associated measurement quantities may be relatively large, depending on
the degree to which the measurement quantity actually affects the value or the stated
uncertainty of the measurement result.

hitp://ts.nist. gov/traceability/suppl matls for nist policy rev.him 8/3/2004
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1. What is NIST?

NIST (http://www.nist.gov/) is an agency of the Department of Commerce. Its role as the
National Measurement Institute (NMI) for the United States was established by Congress in
1901. As such, NIST has the responsibility "to develop, maintain and retain custody of the
national standards of measurement, and to provide the means and methods for making
measurements consistent with those standardsi’and to assure the compatibility of United
States national measurement standards with those of other nations.” [15 U.S.C. 271} The job
of NIST is twofold: to ensure U.S. national standards are accurate realizations of the SI
units and to transfer the values of those standards to the U.S. measurement system through
calibrations and other types of measurement services. Over 800 companies a year take
advantage of the opportunity to tie their internal measurement standards to NIST standards
and hence, to the SI units. Those companies, in turn, use their standards to provide
measurement services (o their customers, to meet regulatory requirements, and to provide
quality assurance in their manufacturing processes. NIST also supports laboratories that
provide calibrations through its National Voluntary Laboratory Accreditation Program
(NVLAP). (see also Question 2, next section, for information on NIST products and
Services)

2.What is NIST’s role in traceability?

NIST has various roles in traceability:

i First, to provide practical access to the seven base units of the International System of
Measurements (SI), including mass, length, and time, by realizing and disseminating thuse u
through measurement services;

M second, to provide access to U.S. national standards of various other measurement quantities
cconomic importance to the United States; and

b last, to collaborate on development of standard definitions, interpretations, and recommende
practices with organizations that have authority and responsibility for variously defining,
specifying, assuring, or certifying traceability.

Contents
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3. What is meant by the phrase "traceable to NIST"?

According to the internationally recognized YIM definition, traceability is a property of the
result of a measurement or the value of a standard by which that result or valuc is related to
standards, not to institutions. Accordingly, the phrase “traceable to NIST", in its most
proper sense, is shorthand for "results of measurements that are traceable to reference
standards developed and maintained by NIST".

hitp://ts.nist. gov/traceability/suppl imatls for nist policy rev.him 8/3/2004
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4.1 want my measurement results to be traceable to NIST. What do 1 have to do?

To achieve traceability of measurement results to standards maintained by NIST, you need
to reference your measurement results through an unbroken chain of comparisons, including
determining the uncertainties at each step, to N1ST standards as the stated references. These
stated references may be, for example, standards developed and maintained by NIST,
broadcast signals controlled or monitored by NIST (such as standard time and frequency
signals), NIST Standard Reference Materials, or NIST-Traceable Reference Materials. The
chain of comparisons may be short, if the user has instruments or artifacts calibrated by
NIST or acquires standards from NIST and references mcasurement results to those. 1t may
be longer, if the user references other comparisons in a chain of comparisons back to stated
references developed and maintained by NIST. Also see Question 5 above and checldist for
additional guidance.

© Coutents )
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5. How does NIST establish the traceability of its own measurement results?

In general, NIST establishes the traceability of its own measurement results by following
the prescription of the VIM definition of traccability, that is, through an unbroken chain of
comparisons, including determining the uncertainties at each step, to stated references. In
the case of the Sl units, for six of the seven base units the ultimate stated reference is a
CIPM-established definition of the units, including associated procedures; for one Si unit,
mass, the stated reference is the international prototype kilogram. The same process also
applics in the case of derived units, which are formed as products of powers of the base
units according to the algebraic relations linking the quantities concerned. For other
measurement gquantities, the stated reference may be a national standard defined de facto by

a conventionally stated method.

Contents
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6. How does NIST support its own claims of traceability?

NIST documents the process by which it eslablishes traceability of its own measurement
results as part of the NIST Quality System for Measurement Services. In accordance with
this system, NIST maintains current technical descriptions of (a) the measurement facility,
system, or methods; (b) the procedures for conduct of the measurement(s); (¢) the analysis
of uncertainty of the measurement results; and (d) the procedures for statistical control of
the measurement process. This documentation includes a description of how traceability
is/was achieved.

hitp://ts.nist. gov/traceability/suppl matls for mist policy rev.htm 8/3/2004
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7. Does NIST certify the traceability of its own measu rement results?

According to the NIST policy on traceability, NIST estahlishes the traceability of the results
of its own measurements and values of its own standards and of resulls and values provided
to customers in NIST calibration and measurement certificates and, if not always explicitly
then always by clear implication, certifies that iraceability. Although the measurement
results in a calibration or measurement certificate can be considered to be ‘certified’ by
NIST to be traceable to NIST reference standards at the time the measurements were
performed, NIST cannot ‘certify’ that those measurement results are valid after an
instrument or artifact or reference material has left NIST. The customer must have an
appropriatc internal measurement assurance program in place to assure the continued
validity of those measurement resulfs. See Reference. .

[T T T

8. Docs NIST certify the traceability of measurement results other than its own?

NIST only certifies the traceability of measurement results that NIST itself provides, cither
directly or through an official NIST program or collaboration. Some examples of such
official NIST programs or collaborations are described in Section HI, Examples of NIST
Prosrams in Traccability. NIST cannot be responsible for claims of traceability made by

LY

others since the process of demonstrating traceability requires that most of the steps be
taken af the site of whoever is claiming traceability. NIST has no control over this process
and no direct involvement in the day-fo-day activities at the site. {See checkiist for
supporting a claim of traceability through calibration for an illustration of activities to be
performed at a customer facility, as opposed to activities performed at a reference
laboratory}

Contents
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0. Given that NIST operates the National Voluntary Labaratory Accreditation Program
(NVLAP), does this mean that NIST stands behind claims of traceability made by NVLAP-
accredited labs?

No. More specifically, laboratory accreditation, whether conducted by NIST/NVLAP or any
other recognized accreditation body, is a finding of a laboratory’s competence and
capability to provide scientifically sound and appropriate measurement services within their
scope of accreditation. Embedded in the process is an evaluation of the lab’s ability to
achieve and maintain traceability for the aceredited services. Accreditation to ISO/EC
Guide 25, now replaced with international standard ISO/IEC 17025: General requirements
Jfor the competence of testing and calibration laboratories, determines that a laboratory has

http://ts.nist. gov/traceability/supp! matls for nist policy rev.hitm 8/3/2004
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all of the necessary facilities, equipment, standards, procedures, uncertainty analyses,

P personnel, etc., which make it capable of providing traceable measurement results.
Laboratory accreditation does not speak to the specifics of any individual measurement
result but to the overal! capability of a lab to provide the service. NIST experts often
participate in the accreditation process, but again, the end resull is a finding of competence
and capability only. 5

Contents
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D. Quecstions about NIST Products/Services

1. Does NIST have publications that explain what traceability is and how to achieve it?

o Yes,NI_SF has a variety of publications. See references list in Section V.

£
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2. What products and services does NIST provide in support of customers seeking to establish
traceability?

NIST provides a range of products and services in support of customers seeking lo establish
traceability of their measurement results. These include instrument calibrations, Standard
Reference Materials (SRMs), and Standard Reference Data (SRD). NIST also provides
measuremont services to State and local governments responsible for marketplace
transactions that involve measurements (Weights and Measures). NIST’s Calibration
Services, Standard Reference Materials , and the Weights and Measures Program make up
the largest infegrated national measurement transfer system in the world. The Standard
Reference Data Program augments this system by providing scientists, engineers and the
general public with access to critically evaluated data necessary to perform state-of-the-art
research and development, Through these four programs, NIST disseminates expert
metrology guidance and the measurement products and services developed in the NIST
Laboratories to the industrial and scientific communities, federal agencies and state and
local governments. More information may be obtained at http://ts.nist.gov.

Calibration laboratories and tesiing facilities may be accredited by NIST under the National
Voluntary Laboratory Accreditation Program (NVLAP), The basic procedures and general
accreditation requirements of NVLAP are described in NIST Handbook 150 (National
Voluntary Laboratory Accreditation Program: Procedures and General Requirements, V. R.
White, D. F. Alderman and C. D. Faison, Editors, July 2001). A participating laboratory
may voluntarily take stcps to improve or assess its measurement process.

NIST Laboratories also provide a range of training courses and workshops on measurement
practices. Topics covered include precision thermometry, (emperature measurement by

htp://ts.nist.gov/traceability/suppl matls for nist policy rev.htm 8/3
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radiation thermometry, laser measurements, gage block calibration, lime and frequency
fundamentals, dimensional metrology, pressure, cte.

For information and guidance on expressing measurement uncertainty, see
http;//physics.nist. gov/cuu/.

Contents

3, If I have an instrument or artifact calibrated at NIST, does that make my measurement results
traccable to NIST?

Merely having an instrument or artifact calibrated at NIST is not enough to make the
measurement result traceable to reference standards developed and maintained by NIST. To
establish traceability to such reference standards, there must be an unbroken chain of
comparisons and each provided measurement must be accompanied by a statement of
uncertainty. The measurement system by which values are transferred must be clearly

- uiderstood and under conirol. The dates and-details of each Hak in the chain must-8lse b - e oo

provided.

Contents )
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. If I purchase an SRM, does that make my measurement results traccable to NIST?

The purchase of an SRM does not automatically make the customer’s measurement results
traceable to reference standards developed and maintained by NIST. NIST SRMs serve as
one mechanism for achieving measurement compatibility based on accuracy, and are
intended to be used as part of a measurement system or program. The guiding principle in
issuing an SRM is that it is used for measurement quality assessment. A claim of
traceability to reference standards developed and maintained by NIST can be asserted by
proper use of appropriate SRMs and reference to the certified values and uncertainties
provided by a NIST Certificate of Analysis. This Certificate contains a statement of the
intended use of the SRM (NOTE: NIST cannot foresee all the uses for a specific SRM and
recognizes that defensible assertions can be made for alternative use). In general, the
Certificate also contains a disclaimer for improper handling of a material. It is up to the user
to document appropriate storage and preservation of 2 material. An SRM certificate also
contains an expiration date. It is inappropriate fo use an expired material to establish a
traceability claim. Finally, it is up to the user to demonstrate that the Certificate of Analysis
in their possession is valid and up-to-date.

http://ts.nist. govitraceability/suppl matls for nist policy rev.him 8/3/2004
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As with SRMs, the purchase of an NTRM does nof aulomatically make the customer’s

. measurement results traceable to reference standards developed and maintained by NIST.
However, NTRMs can be used to make a claim of traceability to NIST in the same manner
as SRMs, with reference to the certified values and uncertainties on an NTRM Certificate of
Analysis. f

Contents )

et R TS

6. NIST data are often used in claims of traccability to NIST. Under what conditions can onc
consider NIST data to be "stated references™?

NIST provides a number of data services that are critical to the measurement infrastructure
of the United States and the world. These services include:

i Standard Reference Data, that is, data that have been evaluated for validity by knowledgeab!
experts in the particular field with stated uncertainties.
" Values of pliysical constantsmeasured by T 13T ressarchers and published in t
literature with stated uncertaintics
Measurements of properties that resuit from various NIST research programs, which may or
not have complete expressed uncertainty.
W Collections of unevaluated data compiled by NIST scientists for various R&D purposes

Great effort is made to describe clearly the type of data in NIST electronic and printed data
collections. Usually, data from NIST are accompanied by uncertainties that have been
estimated and propagated according to the Guide to the Expression of Uncertainty in
Measurement (GUM). When data are evaluated, the scientific basis used in evaluating these
data is well documented and the data labeled as NIST Standard Reference Data.

The use of these data as "stated references” depends on the type of collection (Standard
Reference Data, values of physical constants, etc.), the date of the most recent evaluation or
compilation, and the direct relevance of the data to the physical measurement for which
traceability is needed. In particular, if the data are not part of a NIST compilation of
evaluated data, then care should be taken to assess the expressed uncertainty, and the
literature checked for additional values for comparison.

Coptents .

7. Can an organization claini traceability fo NIST by having individual instrament components
calibrated at NIST? If so, is that the same as sending the enfire instrument to NIST for
calibration?

If the claim of traceability to reference standards developed and maintained by NIST 1s
supported by an appropriate measurement assurance process and uncertainty analysis, the
claim may be valid. The measurement process and uncertainty analysis must show how the
basic componenl measurements are combined and translated into a complete calibration for
the instrumcent in question. Is it the same as sending the complete instrument in? Possibly,

http://ts.nist. gov/traceability/suppl matls for nist policy rev.hm 8/3/2004

s e s e o e e weg e 4T et B T R A YT PP A P A S . B

e s e e, e e ¥ et st b e ottt ezl B =t e a8 o At i e 1 i A A .

[ —



PN L L UIGY UL B RCRUAGIUILILY T WL Ll Y ETTITIRTerTY s e e =
r e

but only when the organization combines the results using exactly the same measurement
model and methods that NIST would use in calibrating the entire instrument, which is
ordinarily not the case.

8. How should a customer claim traceability to NIST if NIST needs to use two or more of its own
standards to calibrate the customer instrument, standard, or artifact?

NIST may use a number of interna} standards to calibrate or validate its own measurement
process or system. The measurement results with associated uncertainties form the
traceability link(s). The customer should claim traceability to the NIST system comprising
the individual standards and should indicate who combined the data using what algorithm.
Uncertainties should be documented, calculated, and reported accordingly.

0, Can a customer claim traceability to NIST for measurement results associated with something
that NIST cannot calibrate directly? '

Yes, under certain circumstances. If well-accepted, scientifically sound and appropriate
measurement equipment, practices, and procedures are used; if measurement values and
uncertainties are calculated or otherwise established according to well-established
protocols; and if the uncertainties are within accepted norms (both low and high) for the
measurement application; then the customer's measurement result might be considered
traceable to NIST.

As an example, there are many measurement quantities for which NIST does not offer
calibration services, but that are derived from a combination of other measurement
quantities for which NIST does provide calibration services. Torque is one example. NIST
does not offer a calibration service for torque. It does, however, offer services for the
component measurement quantities (mass, length, etc.) that are needed to derive torque,
according to the definition of torque. By performing the steps necessary to achicve
traceability to NIST of the individual component measurement results when making &
particular measurement of torque, it is possible to claim traceability of the corresponding
measurement result to NIST. The uncertainty of the mcasurement result must first be
calculaled (again using a well-established methodology, such as that in NIST Technical
Note 1297, Guidelines for Evaluating and Expressing the Uncertainty of NIST
Measurement Results) using the uncertainties associated with the individual component
measurement quantities. This uncertainty must be at (or above) a realistic level of
uncertainty consistent with the sophistication of the measurement modet and other practical
and established considerations.

As another example, NIST does provide calibration services for voltage, but only at discrete
values of voltage. If an organization wants to establish traceability to NIST at other values
of voltage, it must develop an interpolation or extrapolation mechanism and protocol for
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doing this. Additional measurement uncertainties will result. The resulting statement of
traceability must incorporate these additional uncertainties, which must again be realistic
and within expeeted norms.

As a third example, NIST may not offer any calibration service or SRM for a particular
measurement quantity, but may provide measurement protocols and advice, along with
expected norms for levels of uncertainty that can be achieved according to the protocol.
Under these circumstances, an organization may again claim traceability of its measurement
results to NIST if the protocols (and built-in checksftests) are followed, and the claimed
uncertainties are within the expected norms.

For more on the "Elemcents of Traceability" please sce clause 4 of ILAC-G2: 1994;
“Traceability of Measurements" and Reference 1.

" Contents )

né's“

T MDA T S S R DT

TRIQuestions dbout MRAs and Traceabiiity

1. What is the CIPM MRA and what does it have fo do with traceability?

The CIPM Mutual Recognition Arrangement (MRA) was drawn up by the International
Committee of Weights and Measures (C1PM) under the authority given to it in the Metre
Convention, for signature by directors of member National Metrology Institutes (NMIs)
[see hittp://www bipm.org/en/convention/mra/mra online.him! for the text of the MRA].
The principal objectives of the MRA are to establish through measurement comparisons the
degree of cquivalence of national measurement standards maintained by NMIs, to provide
for the mutual recognition of calibration and measurement certificates issued by NMls, and
to provide a secure technical foundation for wider agreements related to intemnational trade,
commerce, and regulatory affairs. The mutual recognition of calibration and measurement
certificates requires that each NMI participate in the activities of the International Bureau of
Weights and Measures (BIPM) (including key measurement comparisons) and have a
suitable way of assuring quality in the results of its measurement services. The results of the
key measurement comparisons and specific statements of the calibration and measurement
capabilities (CMCs) of each signatory NMI are entered in two MRA databases {originally
developed by NIST (htip://icdb.nist. gov) and maintained by the Bureau of International
Weights and Measures at http:/kedb.bipm.org}.

While NIST recognizes the validity of the other signatories’ certificates, such recognition
does not mcan that measurement results traceable to any other signatory are therefore
traceable to NIST. The burden of establishing traceability of its measurement results to
NIST, and of supporting an associated claim of traceability, is on the individual NMI
providing the service.

hitp://ts.nist.gov/traceability/suppl matls for nist policy rev.htm 8/3/2004
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2. Tf a laboratory establishes traceability of its measnrement results to standards maintained by a
National Measurement Institute (NMT) that is a signatory to the CIPM MRA, does that mean that
that laboratory’s measurement results arc traceable to standards maintained by other signatory
NMIs?

While signatory NMIs (including NIST) recognize the validity of other signatories’

measurement and calibration certificates under the MRA, such recognition does not mean

that measurement results obtained by one signatory NM1 are automatically traceable to

stated references developed and maintained by any other signatory NMI. However, users of

measurement results, who may be either commercial or regulatory entities, may well decide

fhat sufficicnt cvidence exists under the MRA to provide mutually acceptable traceability of

these results to the standards and measurements of two or more parficipating NMIs. Such

evidence may include comparable claims of calibration and measurement capabilities of the

NM s for & particular measurement or calibration service, coupled with satisfactory
~perforimance-on-akey comparison-of the same measurement orstandard byeach ofthe .. .

NMls.

Cowmtents

AL L 2 b A A ALY

. What are laboratory accreditation MRAs and what do they have to do with traccability?

Laboratory accreditation MRAs are established among accreditation bodies, domestically
and internationally, for the purpose of recognizing the equivalence of their respective
accreditation systems. To be invited to sign an MRA, cach accreditation body must undergo
an evaluation by its peers to determine its capability and competence to meet documented
requirements for the operation of such bodies. Included is the ability of the accreditation
body to accredit laboratories to the requirements of the internationally recognized standard
ISO/IEC 17025, The purpose of these MRAs is to provide the means by which users of
calibration and testing services can have confidence in the calibration and test reports issued
by a laboratory that has been accredited by any of the accreditation body signatories to the
MRA. The goals are to reduce or eliminate redundant audits by having onc evaluation of a
laboratory satisfy the needs of the user community and to have the results of calibrations or
tests accepted across borders. By signing the arrangement, each signatory is obligated to
promote the acceptance of the results of calibrations or tests conducted by the accredited

~laboratories of any other signatary fo the MRA as being technically equivalent to its own.
This does nol mean that signatory accreditation bodies accept or promote the acceptance of
claims of traceability to sources other than NIST as being equal to fraceability to standards
maintained by NIST. All calibration and test reports must declare the source of traceability
and it is the responsibifity of the user to determine which source is suitable for its needs.
Other tools, such as the CIPM MRA and the databases resulting from this MRA, are meant
to assist the users in making this decision. {See Questions ILE.} and 1LE.2 above)
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4. Because NIST?s National Voluntary Laboratory Accreditation Program (NVLATY) is a signatory
to multiple MRAs with other accreditation bodies, does {that mean NIST stands behind claims of
traceability made by any laboratory accredited by any other MRA signatory?

As previously stated, laboratory accreditation, whether conducted by NVLAP or any other
recognized accreditation body, is a finding of a laboratory’s competence and capability to
provide scientifically sound and appropriate measurement services within their scope of
accreditation. As a sipnatory to MRAs operated under the auspices of the National
Cooperation for Laboratory Accreditation (NACLA), the Asia-Pacific Laboratory
Accreditation Cooperation (APLAC) and the International Laboratory Accreditation
Cooperation (ILAC), NVLAP is obligated to promote the acceptance of the results of
calibrations or tests conducted by the accredited laboratories of any other signatory to any
of these MRASs as being technically equivalent to those provided by NVLAP-accredited
laboratories. This does not mean that NVLAP accepts or promotes the acceptance of claims
-~ of traceability to sources other than NIST as being equal to traccability to standards.
maintained by NIST. All calibration and test reports must declare the source of traceability
and it is the responsibility of the user fo determine which source is suitable for ifs needs.

Consents . 1

SRR T DT - K
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“TI1. Examples of NIST Programs in Traceability

A. Traceability for Personnel Radiation Dosimetry. There are about 2 million workers in
the United States whose occupational exposure to ionizing radiation is monitored on a
continuing basis. These populations include nuclear power plant workers, radiological
personnel in health care, and Depariment of Defense civilian and military personnel
associated with submarines, aircraft carriers, nuclear weapons or other radivlogical
activities. The accuracy of the millions of individual measurements depends on instrument
calibrations (hat are traceable to NIST primary standards for jonizing radiations (primarily
calibrations for electrons, x-rays, gamma rays and neutrons). The organizations and
communities involved include the NIST Physics Laboratory, the NIST National Voluntary
Laboratory Accreditation Program (NVLAP), Battelie Pacific Northwest National
Laboratory, the Nuclear Regulatory Commission, and the American National Standards
Institute (ANSI) Subcommittee N13.11.

American National Standard for Dosimetry - Personnel Dosimetry Performance — Criteria
for Testing, ANSI N13.11, as modified by NVLAP Laboratory Bulletin, Volume 11, No. 1,
Dosimetry, Effective Date: January 1995. November 2000 revision under review.
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B. Traceability for Radiopharmaceuticals. There are approximately 37,000 nuclear
medicine procedures performed daily in U.S. hospitals and clinics in which radioactively
labeled drugs are administered to patients. These are mainly used in the diagnosis of cancer,
cardiovascular disease and neurological disorders ranging from stroke patients to
Alzheimer’s disease. In addition to the diagnostic procedures, there are over 100,000
therapeutic nuclear medicine procedures per year - mainly iodine-131 for thyroid cancer and
hyperthyroidism, and new agents for bonc palliation for terminal cancer patients. The
accuracy of each of these pharmacological administrations depends on transfer instruments
used in the manufacturing processes that are trac_f_aaf)le to NIST primary standards for
radioactivity. The organizations involved inciude the pharmaceutical manufacturers of |
North America, under the auspices of the Nuclear Energy Institute, the U.S. Food and Drug
Administration, the NIST Physics Laboratory and the NIST Standard Reference Materials
Program.

D.B. Golas, NIST Radiopharmaceutical Standard Reference Material and the NEI/NIST
Radiopharmaceutical Measurement Assurance Program, Applied Radiation and Isotopes 49, :
320 (1998). - ‘

_Contents _ M

C. Traceability of Calibration Sources for Radioanalytical Instruments. There are over
100 operating nuclear power stations in the U.S. and numerous Department of Energy
(DoR) and Department of Defense (DoD) sites that must be monitored for release of
radioactive gaseous and liquid effluents. The continuing accuracy of these measurements is
a concern fo the DOE, DOD and to the Nuclear Regulatory Commission and the
Environmental Protection Agency. Radioanalytical instrumentation must be calibrated using
radioactive sources that are traceable to the primary radioactivity standards at NIST.
Organizations invelved include the source manufacturers, ihe Nuclear Energy Institute, the
NIST Physics Laboratory, the NIST Calibration Program, other government agencies and
the American National Standards Institute Subcommittee ANSI N42.2.

American National Standard — Traceability of Radioactive Sources to the National Institute
of Standards and Technology (NIST) and Associated Instrument Quality Control, ANSI
N42.22-1995.

Contents - |

oy

D. Traceability of Commercially Produced Gas Mixture Standards. NIST, in
partnership with the Environmental Protection Agency (EPA) and 10 specialty gas
companies established the NIST Traceable Reference Materials Program (NTRM) for gas
mixiure standards as a means for providing end users with the large volumes of NIST-
fraceable gas mixture standards needed to implement the "Emissions Trading" provision of
the 1990 Clean Air Act. In general, an NTRM is a reference material produced and
distributed by a commercial supplier with a well-defined traceability finkage to NIST. This
linkage is established via criteria and protocols defined by NIST that are tailored to meet the
needs of the metrological community {o be served. The production and value-assignment

http://ts.nist. gov/iraceability/suppl matls for nist policy rev.htm 8/3/2004




I R R RRRRRRRRRRRRRRRRRRRRBRBRBRRRRBRRRRRRRRRRDRDD_DRRDR

INLD § rulily vl Liavtaunay = LILL IV LL § Lyatist Fyveee) o
4" -
/

protocols required are based on NIST experience in the production and certification of its
own pas mixture SRMs. The integrity of the NTRM:s produced is assured by NIST through
an aclive internal quality assurancc program that includes NIST analysis of at least 10 % of
cach NTRM batch and NIST value-assignment of each batch based on NIST and client
company measurements.

Franklin R. Guenther, William D. Dorko, Walter R. Miller, and George C. Rhoderick, The
NIST Traceable Refercnce Materials Program for Gas Standards, NIST Special Publication

260-126 (1996).

. Comtemts

E. Traceability of the Optical Absorbance Scale. NIST has produced Standard Reference .
Materials for calibrating the wavelength scale and verifying the absorbance accuracy of
UV/visible chemical spectrophotometers for several decades. The NIST production capacity
is rapidly becoming insufficient to meet the demand, and a recently developed NIST

~ Tiaceable Refererice Materials (NTRVE) program-to leverage™N 15T mcasurement-capability - - -
through the private sector is being adapted to these standards. These NTRMs are produced
and distributed by commercial suppliers, but with the active participation of NIST in the
testing and value assignment of the standards. The first NTRMs for chemical
spectrophotometry will be on the market within the coming year, and will be modeled on
NIST SRM 930e and NIST SRM 1930, neutral density glasses (in a cuvette-simulation
format) certified at five wavelengths in the visibie spectral region and spanning absorbances
between 0.3 and 2.0.

The expanded uncertainties for the certified values will be kept close to those of the 5
corresponding NIST standards by frequent intercomparison measurements with the NIST ?
Reference Spectrophotometer in the Analytical Chemistry Division of NIST. The
participating laboratories have been accredited for the certification of these materials
through the NIST National Voluntary Laboratory Accreditation Program (NVLAP). Other
speetrophotometric NTRMs for wavelength calibration and UV absorbance verification are
expected to follow.

G.W. Kramer and J.C. Travis, Technical Specifications for Certification of
Spectrophotometric NTRMs, NIST Special Publication 260-140 (2000).

NIST Handbook 150-21: NVLAP Chemical Calibration: Certifiers of Spectrophotometric
NTRMs [see http://ts.nist. gov/is/htdocs/21 0/2 14/docs/handbook htm]

L I LS Tl i e DAL L

T. Traceability of lon-Implanted Arsenic in Semiconductor Materials. Ton-implanted
standards of known dose are needed to calibrate secondary ion responses for Secondary
Tonization Mass Spectrometry (SIMS) in the semiconductor industry, SIMS is relied upon i
to measure the concentrations and depth profiles of key dopants in silicon, but SIMS
measurement resuits are matrix dependent. A reference material is needed for each element
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and matrix combination and the comparability of SIMS results when calibrated with
reference materials from different sources is not sufficient to meet the needs of the
semiconductor community. An accuracy-bascd transfer standard from NIST enables the
industry to transfer technology from one manufacturing site to another, compare
experimental data with theoretical process models, and provide the basis for inlernational
comparability via 1SO (International Organization for Standardization) standards.

A NIST refercnce method for arsenic in silicon based on Neutron Activation Analysis was
developed and critically evaluaied. Twenty-nine sources of uncertlainty were identified and
quantified, of which seven accounted for 98 % of the total uncertainty. This reference
technology was transferred to the semiconductor comimunity through certification of SRM
2134, Ton-Implanted Arsenic in Silicon, which has an expanded uncertainty of 0.38 %. The
1999 International Technology Roadmap for Semiconductors {(ITRS) calls for improvement
in dapant profiie concentration measurements from = 5 % in 1999 to £ 2 % in 2008. These
values are to be accomplished with "low systematic error" as well. SRM 2134 meets these
requirements for arsenic now, in 2001.

R.R. Greenberg, R.M. Lindstrom, and D.S. Simons, Transferring the Accuracy of NIST
_Measurements {0 the Semiconductor Industry, J. Radicanalytical Nuclear Chemisiry 245, 57
(2000). btk it

G. Traceability to the International Temperature Scale of 1990 (ITS-90). The SI
defines temperature on the I elvin Thermodynamic Scale. In practice, temperature 1s
measured on the more casily realized International Temperature Scale of 1990 (I'TS-90),
which is a close approximation to the Kelvin scale. As custodian of the ITS-90 scale, NIST
provides to its customers:

1. a description of the scale, guidelines for its realization and use, and descriptions of how
NIST realizes the scalc, 2. a broad range of calibration services of contact thermometers,
radiation thermometers, fixed-point cells, and associated transfer standards, and 3. fixed-
point materials, fixed-point cells, and thermometers as SRMs.

An example of traceability to NIST tempcrature standards is the Measurement Assurance
Program (MAP), as implemented with Standard Platimum Resistance I'hermometers in the
range - 190° C to 660° C. In a MAP, NIST sends to a customer who realizes the ITS-90 or
an approximation to the ITS-90 a set of three SPRTs that have previously been calibrated by
NIST on the 1TS-90. The customer calibrates the set of SPRTs and then returns the SPRTs
io NIST for a final calibration. NIST analyzes the raw data, uncertainty statements, methods
of data analysis, methods of realization of the ITS-90, calibration report results and format.
A full descriptive report of this analysis is sent to the customer with suggestions for
improvement and a quantitative statement of the present level of agreement of the customer
calibrations with the NIST calibrations. A MAP is a quantitative test of the customer’s
ability to calibrate SPRTs and of the validity of the claimed uncertainties of the calibrations.
When conducted at regular intervals, a MAP supports the customer’s claim of continuous
traceability to NIST at a specified uncertainty.
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B.W. Mangum and G.T. Furukawa, Guidelines for Realizing the International Temperature
Scale of 1990 (ITS-90), NIST Technical Note 1265 (1990).

G.F. Strouse, NIST Measurement Assurance Program For The ITS-90, Test and Calibration
Symposium, Arlington, VA, 1994.
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H. Traceability to the Coordinated Universal Time Scale. The international standard for
time and frequency metrology is the Coordinated Universal Time Scale (UTC) maintained
by the BIPM in Paris, France. Traceability of time and frequency standards is requived for
the calibration and testing of devices from simple mechanical timers to state~of-the-an
atomic oscillators. NIST maintains a real time version of the UTC and offers services that
provide high accuracy traceability. The NIST Frequency Measurement and Analysis
Service (FMAS) allows users to lease a complete measurement system from NIST. The
EMAS includes a GPS receiver, all necessary measurement hardware, and a data line back
“1a"NIST: ~All'measurements are miade antomatically;-and ave-traceable to-NIST at-an-- -
uncertainty of 2 x 10713 per day. NIST oversees the entire measurement process, and 18
responsible for both measurcments and uncertainty analysis. See
hﬂp://www.boulder.nist.gow’timeﬁ'eq/service/ﬁns.htm for a complete description.

M.A. Lombardi, Traceability in Time and Frequency Metrology, NCSL International
Conference Session 1B, Charlotte, NC (1999).
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IV. Glossary of Terms

Calibration — sct of operations that establish, under specified conditions, the retationship
between values of quantities indicated by a measuring instrument or measuring sysiem, or
values represented by a material measure or reference material, and the corresponding
values realized by standards. (International Vocabulary of Basic and General Terms in
Metrology (VIM; 1993) definition)

Calibration and measurement certificates — the resuit of a calibration may be recorded in
a document, sometimes called a calibration certificate or a calibration report. Also can refer
to a document accompanying a certified reference material (NIST SRM) stating one or
more property values and their uncertainties, and confirming that the necessary procedures
have been carried out to ensure their validity and traceability. (YIM and 1SO Guide 30:
Terms and definitions used in connection with reference materials. See also 18O Guide 31:
Contents of certificates of reference materials)

Internal measurement assurance program — program of sufficient complexity, within an
organization, to pravide credibility to the measurement uncertainty and measurement resull
for which traceability is to be established. An internal measurement assurance program
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usually involves monitoring the performance (c.., stability, reproducibility) of the
e instrument, standard, or measurement system, both before and after it is characterized
calibrated, or used to obtain the traceable measurement result.

Laboratery acereditation — procedure by which an authoritative body gives formal
recognition that a laboratory is competent o carry out specific tasks. Accreditation does not
itsell yualify the laboratory to approve any particular product. However, accreditation may
be relevant to approval and certification authorities when they decide whether or not io
accept data produced by a given laboratory in connection with their own activities, (18O
Guide 58: Calibration and testing laboratory accreditation systems — General requirements
for operation and recognition, 1993)

National or international standards — here meaning measurement standards. Standards
(national) recognized by a national deciston to serve, in a country, as the basis for assigning
values to other standards of the quantity concerned; standards (intcrnational) recognized by
an international agreement to serve internationally as the basis for assigning values to other
standards of the quantity concerned. (International Vocabulary of Basic and General Terms
in Metrology (VIM; 1993))

NIST Traceable Reference Material (NTRM) - a reference material produced by a
commercial supplier with a well-defined traceability to NIST established via criteria and
protocols defined and documented by NIST and tailored to meat the needs of the
metrological community to be served.

Official NIST program or collaboration — NIST program or collaboration, officially
approved by NIST management, in which NIST formally assures or certifies traceability of
the results of measurements or values of standards.

Organizations that have authority and responsibility for variously defining, specifying,
assuring, or certifying traccability - here meaning any regulatory agency, standards
developing organization, accreditation body, trade association or the like, which, by law or -
mutual agreement, is assigned or takes on authority and responsibility for some aspoct of
defining, specifying, assuring, or certifying traceability.

Proficiency evaluation materials — homogeneous material or artifact that is used to test
and evaluate the measurement performance of different measuring systems for specific
tasks

Provider of result (of measurement) or value (of standard) — individual or organization
that supplies for use the result of measurement or value of standard for which traceability is ;
being asserted.

Reference material - material or substance one or more of whose property values are
sufficiently homogeneous and well established to be used for the calibration of an
apparatus, the assessment of a measurement method, or for assigning values fo maierials.
(International Vocabulary of Basic and General Terms in Metrology (VIM; 1993) and ISO
Guide 30:1992)

Result of measurement ~ value attributed to a measurand, obtained by measurement,
where the measurand is the particular quantity subject to measurement and the value of the
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Stated reference — here taken to mean “stated reference standard”, where: (1) stated here

quantity is the magnitude of the particular quantity, generally expressed as a unit of
measurement multiplied by a number.

Standard Reference Materials — certified reference materials (CRMs) issued under the
NIST trademark. NIST Standard Reference Materials are characterized using state-of-the-
art measurement methods and/or technologies for the determination of chemical
composition and/or physical properties. The property values of an SRM are certified by a
procedurc that establishes traceability to an accurate realization of the unit in which the
property values are expressed. Each certified value 1s accompanied by an uncertainty at a
stated level of confidence. SRMs are issued by NIST with a certificate that reports the
results of the characterization and indicates the intended use of the material. (See also
International Vocabulary of Basic and General Terms in Metrology (VIM; 1993) and ISO
Guide 30: 1992).

Standard Reference Data — quantitative information, related to a measurable physical or
chemical property of a substance or system of substances of known composition and
structure, which is critically evaluated as to its reliability (Standard Reference Data Act, 15
U.S.C. 290 Sec. 2(a)).

means explicitly set forth in supporting documentation, and (2) a reference standard, which
according to the International Vocabulary of Basic and General Terms in Metrology {VIM;
1093), is a standard generally having the highest metrological quality available at a given
location or in a given organization, from which mcasurements there are derived.

Stated uncertainties - uncerainty of measurement that: (1) fulfills the International
Vocabulary of Basic and General Terms in Metrology (YIM; 1993) definition as the
parameter, associated with the result of a measurement, that characterizes the dispersion of
values thal could reasonably be attributed to the measurand; (2} is evaluated and expressed
according to the general rules given in the 150 Guide to the Expression of Uncertainty in
Measurement; and (3) is explicitly set forth in supporting documentasion

Test methods — logical sequence of operations, described generically, used in the

performance of measurcments (International Vocabulary of Basic and General Terms in
Metrology (VIM; 1993)) or specified technical procedures for performing a test (ISO Guide ,
2).

Unbroken chain of comparisons — complete, explicitly described, and documented series
of comparisons that successively link the value and uncertainty of the result of a
measurement with the values and uncertainties of each of the intermediate reference
standards and the highest reference standard to which traceability for the result of
measurement is claimed

User of result (of measurement) or value (of standard) - individual or organization that
receives for use the result of measurement or value of standard for which traceability is
being asserted

Value of a standard - the value attributed to a material measure, measuring instrument, or
measuring system intended io define, realize, conserve, or reproduce a unit Or ong or More
values of a quantity to serve as a reference (International Vocabulary of Basic and Genceral

hitp://ts.nist. gov/iraceability/suppl matls for nist policy rev.htm 8/3/2004
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V1. Checklist for Traceability through Calibration
A high-level checklist for traceability through calibration is as folows:

Element #1 (performed at customer facility, responsibility of customer)
td ldentify appropriate fransfer instrument/standard/system, based on consultation with referem
laboratory
b Set up a measurement assurance program to characterize the transfer instrument/standard/sy:
establishing measurement assurance charts (indicating values and uncertainties associated w
the instrument/standard/system)
ki Ship transfer instrument/standard/system to calibration laboratory

Element #2 (performed at reference lahoratory, responsibility of reference luboratory) .

Identify appropriate reference standard that is already part of a measurement assurance prog

the reference laboratory (and that can provide measurement results traceable to national prify

standards for the quantity in question)

@ Perform the calibration of the customer transfer instrument/standard/system, preparing a
calibration report with values and corresponding uncertainties

t® Ship the transfer instrument/standard/system back to the customer along with the calibration

report specifying details about the reference standard

=

lement #3 (performed at customer factlity, responsibility of customer)

b After unpacking the transfer instrument/standard/system and inspecting for damage, carry o1
measurements according to the same process and procedures used in the measurement assur:
program discussed in Element #1 :

i@ Analyze the new measurement assurance chart to evaluate the condition of the transfer
instrument/standard/system with respect to any change in measurement characteristics (com]
with prior to being shipped to the reference laboratory)

(note: use the original values, not the new calibrated values, when making this evaluation)

i@ Establish the appropriate values and uncertainties to use with the newly-calibrated transter
instrument/standard/system, modifying and annotating the control charts accordingly but
continving the measurement assurance prograim

Element #4 (performed af customer facility, responsibility of customer)

i# Just prior to performing a measurement using the transfer instrument/standard/system,
characterize it using the measurement assurance program 1o verify its integrity and performa

w  Use the transfer instrument/standard/system to perform a \measurement, the result of which i
desired to be traceable to the reference standard at the reference laboratory

& Dvaluate the uncertainty associated with this measurement result, taking into account the
uncertainty stated in the calibration report

iw Just after performing the measurement using the transfer instrument/standard/system, re-

http://ts.nist.gov/traceability/suppl matls for nist policy rev.htm 8/3/2004
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characterize it using the same measurement assurance program 1o re-verify its infegrity and
Pl performance (giving reassurance that its characteristics and performance during the measure
: were likely as expected)
@ Formally document all of the steps in these four Elements to the degree necessary, dependin;
the importance of the particular measurement resuit, or to the satisfaction of the requiring
organization

The Elements in this checklist are depicted schematically in the figure below (see Reference

1)
\ METROLOGICAL TIMELINE
tb tc z‘d tm
: : = % »>T1im
vt
Reference - :
P "C
Laboratory |
G T e
‘l _ Control
Customer e ' G | Standards
P ’/,/
Facilit ‘ ~
Y C Control C Control XmC
Interna} Standards Standards
Measurement \ \ J
Assurance .
Measurement Measurement Measul ement
Artifact Artifact Artifact
Element #1 Element #3 Element #4

Return to the NIST Policy on Traceability - Introduction

[rereryoE—n : p S A 1 K e e

Please send cominents or questions to tracepbility@mist.goy

: 3} To view documents which are "pdf files," Adobe Acrobat® Reader is required. This software may
be downlonded without charge. The software is idemtified in order to assist users of this information service. In no case
does such identification tmply recommendation or endorsement by the National Institute of Standards und Techuology.
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Datamaster Thermometer Certifications

Location. Tacoma

Technician: Tpr. Denny Stumph
Digital Reference Thermometer: 091803

Digital Reference Thermometer Certified on: 5-01-2003

The following table lists the DataMaster instruments | maintain. Also listed is the date
that the simulator thermometer was certified using a digital reference thermometer
calibrated by ICL Calibration Labs. The calibration report shows the computed
expanded uncertainties and meets NIST requiremnis. The thermometers were
certified in accordance with WAC 448-13-035.

Datamaster Seriai# Thermometer Serial # Location . Date
949184 F94783 FIFE PD 7/28/2003.
949189 ° B20001200 ‘ FIRCREST 7/28/2003
049204 B20001198 WSP DISTRIC’I‘ 7/28/2003
949200 20001866 PUYALLUP 7/25/2003
949248 B951227 BONNEY LK PD 7/29/2003
949213 C20001697 TACOMA PD 7/30/2003
949215 C20001710 SUMNER 7/30/2003
949217 B20001193 GIG HARBOR 7/30/2003
949219 E953213 SOUTHHILL 8O  7/30/2003
049171 B951528 PUYALLUP TRIB  7/31/2003
949193 B20001199 EATONVILLE 8/6/2003
949181 C20001696 MCCHORD 8/7/2003
949209 20001854 BUCKLEY 8/7/2003
949212 B206001197 LAKEWQOD SO 8/7/2003
921121 B20001194 MT. RAINIER 8/14/2003
949093 - B20001203 LOANER 7/28/2003
949270 C20001704 LOANER I 7/28/2003

| certify (declare) under penalty of perjury under the laws of the State of Washington that the foregoing is true

(RCWY 8A.72.085)
ﬁ&_ 953 Tt &

Signature Date Location Signed (city)




Datamaster Thermometer Certifications

Location: Vancouver

Technician: Dale M. Johnson

Digital Reference Thermometer Serial # 091802

Digital Reference Thermometer Certified on July 2, 2003

Tha following tabie lists the Datamaster instruments ! maintain. Also listed is the date
that the simulator thermometer was certified using a digital reference thermometer
calibrated by ICL. Calibration Labs, The calibration report shows the computed
expanded uncertainties and meets NIST requirements. The thermometers were

certified in accordance with WAC 448-13-035,

Datamaster Setial# Thermometer Serial #‘ Location

949113
949130
?49262
949152
249100
949170
V49145
249125
949140
949165
949259
949266
949096
949072

© 949038

| certify (declare) under penalty of perjury under the taws of the State of Washington that the
foregoing is true and corect (RCW 9A.72.085)

B931325
B951246
B951327
B951372
1702
BY51333
C20001710
BO51452
B951322
B951442
C20001861
C20001863
B951232
BY51243

P79480

Lo, / 3//9 2

' Longview PD

Klickitat Co Jail
Cowlitz Co SO
Wooeland PD
Cowlitz Co Jail
White Salmon SO

Camas PD

.Kelso PD

Scale 72
Wahkiakum Co Jail
Skamania Co Jail
WSP Vancouver
Clark Co Jail

Clark Co Jait

Baitleground PD

(/ANCou v

Date

Location Signed (city)

Date

9112003

91572003

9/11/2003
9/16/2003
9/11/2003
9/15/2003
9/15/2003
9/11/2003
9/16/2003
9/16/2003
9/15/2003
8/12/2003
9/8/2003

9/8/2003

91812003
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31 July, 2003

To: Hearing Examiners
Department of Licensing

From: Trooper Randolph Vranish

The following table lists the Datamaster instruments [ maintain. Also listed is the date that the simulator
thermometer was certified using a thermometer calibrated by ICL Calibration Labs. The calibration report
clearly shows the computed expanded uncertainties and meets NIST Tequircments,

DATE DATAMASTER SIMULATOR - REFERENCE
‘ THERMOMETER THERMOMETER
SERIAL # SERIAL #
15 May, 2003 949177 B951923 091800
23 May, 2003 949186 B951370 091800
18 June, 2003 949188 A2000758 091798
26 May, 2003 949190 A2000757 091800
25 June, 2003 949190 A2000757 091798
6 June, 2003 949191 C20001876 091800
19 June, 2003 949191 , C20001876 091798
17 May, 2003 949192 B20001106 091800
18 June, 2003 949192 B20001106 091798
22 May, 2003 949194 C20001856 091800
26 June, 2003 949194 C20001856 091798
19 June, 2003 049195 B951436 091798
24 July, 2003 949195 B951436 091798
18 June, 2003 949203 2000173t 091798
19 June, 2003 949205 B95150 091798
27 May, 2003 949208 B2000967 091800
27 June, 2003 949208 B2000967 091798
28 May; 2003 949214 B2000969 091800
18 June, 2003 949214 B2000969 091798
22 May, 2003 949247 B951446 091800
26 June, 2003 949247 B951446 091798
9 June, 2003 949251 B95558 091800
4 June, 2003 . 949258 B20001104 091800
20 June, 2003 949258 B20001104 091798
3 June, 2003 949269 C20001858 091800
19 June, 2003 949269 C20001858 091798

I certify (declare) under penalty of perjury under the laws of the state of Washington that
the foregoing is true and correct. (RCW 9A.72.085.)

Randolph P, Vranish, 831 _ Marysville, Washington / A A g 2697
Trooper, Washington State Patrol (Place Signed) ' (Date-Bigned)




Datamaster Thermometer Certifications

Location: Spokane

Technician: Tpr. Brian Bowers

Digital Reference Thermometer: 091756

Digital Reference Thermometer Certified on: 6-17-2003
The following table lists the Datamaster instruments | maintain. Also fisted is the

date that the simulator thermometer was certified using a digital reference

thermometer calibrated by ICL Calibration Labs. The calibration report shows the
computed expanded uncertainties and meets NIST requirements. The
thermometers were certified in accordance with WAC 448-13-035.

Datamaster Serial # Thermometer Serial #

949166
949034

949056
949167 .
549024
549050
949131
949178
949201

949202
949027
949062
949053
949173
949030
949123
949021
949058

| certify (declare) under penalty of perjury under the laws of the State of Washington that the
foregoing is true and correct (RCW 9A.72.085)

A20012528
(G942562

G942676
A20012530
E954342
B20001116
ES53630
B20001117
C20001729
B951315
G941429
B20001113
G942497
C20001728
B20001119
B20001121
(942498
B20001122

Location
DEER PARK SO
VALLEY SO RIGHT

VALLEY SO LEFT
MEDICAL LAKE PD
AIRWAY HEIGHTS PD
WSP NORTH
CHENEY PD
FAIRCHILD AFB
PSB LEFT

PSB RIGHT
COLFAX S0
PULLMAN PD
DAVENPORT SO
WELLPINIT PD
CHEWELAH PD
COLVILLE SO
NEWPORT SO
REPUBLIC SO

Date
6/25/2003
6/26/2003
6/26/2003
6/26/2003
6/27/2003
6/27/2003
6/27/2003
6/27/2003
6/277/2003
6/27/2003
7/1/2003
7/172003
7/3/2003
7/3/2003
7/11/2003
7/11/2003
7/16/2003
7/23/2003

TR (03103 _RUIE LA,

Signature

Date

Location Signed {city)




August 18, 2003

To:  Hearing Examiners
Department Of Licensing

From: Trooper Korthuis-Smith

The following table lists the Datamaster Instruments I maintain. Also listed is the date
that the simulator thermometer was certified using a thermometer calibrated by ICL
Calibration labs. The calibration report clearly shows the computed expanded
uncertainties and meets NIST requirements. The thermometers were certified in accordance

with WAC 448- 13-035

DATE

Inly 09 2003
July 09 2003
July 09 2003
July 09 2003
July 09 2003
July 09 2003
July 10 2003
July 102003
July 10 2003
July 28 2003
August 8, 2003
July 09, 2003
Tuly 09, 2003
August 18, 2003
August 18, 2003

DATAMASTER

949142
945168
949150
949151

949153

949040

949147
949164
949163
949149
949004
949146
949148
049134
049169

SIMULATOR
THERMOMETER
SERJAL #
B951339
B20001240
B951306
B951351
A20012493
B20001244
B951380
A20012492
B951334
B951376

B951377

'B20001243

E954395
BO51448
B20001240

REFERENCE
THERMOMETER
SERIAL #
091797
091797
091757
091797
091797
091797
091797
091797
091797
091797
091797
091797
091797
091797

091797

I certify (declare) under penalty of perjury under the laws of the state of Washington that
the foregoing is true and correct. (RCW 9A.72.085)

me

Dwayne Korthuis-Smith, 753

Tumwater, Washington

Trooper, Washington State Patrol

~ (Place signed) Date Signed:

;_W/? 2003




Datamaster Thermometer Cértifications

Location: King County

Techniclans: Tpr. Ken Denton, Tpr. Steve Luce, Tpr. Decug Jones
Digital Reference Thermometer; 091800, 091801

Digital Reference Thermometer Certified on: 3-11-2003

The following table lists the Datamaster instruments | maintain. Also
listed is the date that the simulator thermometer was certified using a
digital reference thermometer calibrated by ICL Calibration Labs.
The calibration report shows the computed expanded uncertainties
and meets NIST requirements. The thermometers were certified in
accordance with WAC 448-13-035.

Datamaster Serial# Thermometer Serial # Location
949277 B20012551 West Seattle
949185 C20001867 ‘Shoreline
949265 B20001112 SPD South
949260 B20001110 SFD Traffic
949229 E953165 Kenmore
949207 C20001877 SPD West
949218 B20001038 SFDN
949224 B951240 SPDE
949275 B20012551 SPD South West
949261 - C20001712 Des Moines
949246 A20012537 Mobile DUI Van
049252 20001719 UWFPD
949235 B20001095 Bellevue P.D.
949271 E952379 Federal Way
949187 B20001101 Auburn FD
949236 B20001107 Kent PD
949221 B951328 Snoqualmie
949223 B951916 Mercer Island P.D.
949225 B20001102 Burien SO
949226 B951449 Algona FD
949232 A20012536 Issaquah
940033 B2000976 Sea Tac POS

949263 B20001099 Bothell

Certification Date

3/19/03
517403

5/13/03
5/16/03
5/19/03
5/20/03
5/20/03
521/03
5/29/03
6/4/03

6/12/03
6/16/03
6/19/03
6/19/03
6/20/03
6/20/03
6/24/03
6/24/03
6/24/03
6/24/03
6/24/03
6/25/03
6/25/03




949155 B20001093 Vashon Island 6/26/03
949231 B20001094 RICKent 6/26/03
949241 B951230 Clyde Hill 6/26/03
049228 B951451 Tukwilla 6/27/03
949216 C20001732 Renton 6/30/03
949242 A2000821 Maple Valley 6/30/03
949256 A20012545 Enumclaw 6/30/03
949211 B20012548 Pier 46 POS 7/2/03

949227 E953003 Redmond 7/7/03

949272 B951920 Kirkland 777703

949274 20001722 Lk Forest Park 7/8103

| certify {declare) under penalty of perjury under the laws of the State of Washington that the
foregoing is trﬁg correct (RCW 9A.72.085)

o

: ©°-7-03 AT
§ignature Date Location Signed (city)

TPRSTENE LUCE



Datamaster Thermometer Certifications

Location: Kennewick

‘Technician: Sidney L. Grant

Digital Reference Thermometer: 082709

Digital Reference Thermometer Certified on: 07-11-2003

The following table lists the Datamaster instruments | maintain. Also listed is the date
that the simulator thermometer was certified using a digital reference thermometer
calibrated by ICL Calibration Labs. The calibration report shows the computed
expanded uncertainties and meets NIST requirements. The thermometers were

certified in accordance with WAC 448-13-035.

Datamaster Serial# Thermometer Serial #  Location Date
949025 B2000-978 Franklin Co Jail 9/16/2003
949020 B2000-1189 Franklin Co Jail . 9/16/2003
949044 B95-979 Columbia Co Jail 9/16/2003
949045 B2000-1192 Garfield Co Jail 9/16/2003
9-21042 B2000-1138 Garfield Co Jail 9/16/2003
949048 F94-866 Asotin Co Jail 9/16/2003
949026 B95-975 Adams Co Jail 9/16/2003
949126 A2000-756 Connell FD 9/16/2003
949049 B2000-1187 Benton Co Jail 0/16/2003
049243 B2000-1191 Benton Co Jail 9/16/2003
921051 B95-977 Benton Co Jail 9/16/2003
9409008 B2000-1190 Prosser PD 9/17/2003
949041 B2000-966 Walla Walla Co Jail 9/17/2003
021048 B2000-1185 Walla Walla Co Jail 9/17/2003
949029 B2000-1183 Othello PD 9/18/2003
949019 B95.978 Kennewick WSP 9/18/2003

t certify (declare) under penalty of perjury under the laws of the State of Washington that the

e and correct (RCW 9A.72.085)

| lﬂq‘@w&g (o4,

Location Signed (city)

foregg

101533
Signature Date




DATAMASTER THERMOMETER CERTIFICATIONS

Location; Butlington

Technician: Trooper Judy H. Lewis

Digital Reference Thermometer: 091755 and 091798

Digital Reference Thermomieter certified on: 091795 — 06-20-03 & 091798 — 06-10-03

The following table lists the Datamaster instruments I maintain. Also listed is the date that the
simulator thermometer installed in the simulator used with each listed Datamaster was certified
using a digital thermometer calibrated by ICL Calibration Labs. The calibration report clearly

shows the computed expanded uncertainties and meets NIST requirements. The thermometers
were cettified in accordance with WAC 448-13-035.

DATE DATAMASTER SIMULATOR SIMULATOR  REFERENCE
THERMOMETER THERMOMETER
SERIAL # SERIAL #
23 June, 2003 949014 G2452 B20001091 091798
23 June, 2003 949067 G5199 B20001089 091798
23 June, 2003 949077 - G6854 B20001165 091798
23 June, 2003 949156 G6911 B20001166 091798
23 June, 2003 949179 G5316 B20001164 091798
23 June, 2003 949039 G2435 B20001100 091798
23 June, 2003 949075 G6921 C20001859 091798
23 June, 2003 949103 S <723} B20001090 091798
24 June, 2003 949089 G5346 B20001096 091798
24 Tune, 2003 949127 G7018 B95980 091798
24 June, 2003 949042 G6700 B20001167 091798
24 June, 2003 949159 . GIsR B951234 091798
24 June, 2003 949011 - - G1765 - B951244 091798
24 June, 2003 949174 G7751 C20001878 091798
24 Junc, 2003 949031 G6909 B20001171 091798
24 June, 2003 949154 G7008 B95970 091798
24 Junc, 2003 949068 G6910 B20001168 091798
30 June, 2003 949132 G6737 A2000753 091798
30 June, 2003 949032 G2472 B95985 091798
02 July, 2003 949268 - G6925 B20001097 091798
05 Aug, 2003 949070 G6923 B20601170 091795
06 Aug, 2003 949144 G2471 B95969 091795

I certify (declare) under penalty of perjury under the laws of the state of Washington that the
foregoing is true and correct (RCW 9A.72.085)

18dy H. Lewis 544 Burlington, Washington T-/6-03F

Trooper, Washington State Patrol ~ (Place signed) (Date Signed)



September 8, 2003

To:

Ms. Tonya Marney

Department of Licensing

From: Ms. Ruth Cramer

The following table lists the DataMaster instruments I maintain. Also listed is the date that the
simulator thermometer was certified using a digita! reference thermometer calibrated by ICL

Calibration Laboratories, Inc. The calibration report shows the computed expanded uncertainties and
meets NIST requirements. The thennometers were certified in accordance with WAC 448-13-035.

Digital Reference Thermometer 091797 was certified on April 2, 2003.
Digital Reference Thermometer 302173 was certified on July 28, 2003.

LOCATION

DATAMASTER SIMULATOR DIGITAL DATE TIME
THERMOMETER REFERENCE
SERIAL NUMBER | THERMOMETER
; : . : SERIAL NUMBER
949009 Thurston County Jail { B951310 091797 Juty 8, 2003 09:16 am
__ 949090 Olympia PD B951304 091797 July 3, 2003 10:15 am
949105 Centralia PD B951299 091797 June 20, 2003 12:30 pm
949128 LaceyPD B951241 091797 July 3, 2003 10:40 am
949133 Morton PD Bo51324 302173 August 29,2003 |{-10:57 am
949135 Yelm PD B20001176 - 091797 July 8, 2003 08:18 am
949180 Ohanapecosh RS B20001178 302173 | August 29, 2003 [ 09:41 am
949198 .| Steilacoom PD B20001177 091797 July 7, 2003 04:50 pm
949210 Tenino PD B20001180 091797 June 20, 2003 01:15pm
949220 Fort Lewis PMO | B951297 302173 August 21, 2003 | 11:32 am
949267 | Lewis County Jail B20001179 091797 June 20, 2003 11:59 am |

I certify (declare) under penalty of perjury under the laws of the State of Washington that the foregomg
is true and correct (RCW 9A.72.085)

QI G

~ Signature

Date

J52003 ot

Location Signed (city)




Datamaster Thermometer Certifications
Location: Spokane
Technician: Tpr. Brian Bowers

Digital Reference Thermormeter: 091796

Digital Reference Thermometer Certified on: 6-17-2003

The following table lists the Datamaster instruments | maintain. Also listed is the
date that the simulator thermometer was certified using a digital reference
thermometer calibrated by ICL Calibration Labs. The calibration report shows the
computed expanded uncertainties and meets NIST requirements. The
thermometers were certified in accordance with WAC 448-13-035.

Datamaster Serial # Thermometer Serial # Location Date
949166 A20012528 DEER PARK S0 6/25/2003
349034 G942562 VALLEY SO RIGHT 6/26/2003
949056 G942676 VALLEY SO LEFT 6/26/2003
249167 A20012530 SPARE 6/26/2003
949024 E954342 AIRWAY HEIGHTS PD  6/27/2003
949050 B20001116 WSP NORTH 6/27/2003
949131 E953630 CHENEY PD 6/27/2003
949178 B20001117 FAIRCHILD AFB 6/27/2003
949201 C20001729 PSB LEFT 6/27/2003
949202 B951315 PSB RIGHT 6/27/2003
949027 G941429 COLFAX SO 712003
949062 B20001118 PULLMAN PD 7/1/2003
949053 G942497 DAVENPORT SO 7/3/2003
949173 C2(001728 WELLPINIT PD 7/3/2003
949030 B20001119 CHEWELAH PD 7/11/2003
949123 B20001121 COLVILLE SO 7/11/2003
949021 G942498 NEWPORT SO 7/16/2003
949058 B20001122 REPUBLIC 8O 7/23/2003

| certify (declare) under penalty of perjury under the laws of the State of Washington that the
foregoing is true and correct (RCW 9A.72.085)

OS5 HKPE O oA

Location Signed (city)




| Datamaster Thermometer Certifications
Location: Yakima |
" Technician: Trooper Doug Dorich
Digital R"eference Thermometer: 091794

Digital Reference Certified on: 4/15/03

Datamaster Serlal# Thermometer Serjal # Location Date

949018 B20001125 Grandview PD 4/28/2003
949007 - B20001126 Yakima Co. Jail 5/26/2003
949199 B20001 175 Mattawa PD 6/17/2003 -
" 949001 F34853 Cle Elum Scale 53  6/19/2003
949003 o F94-863 - Kittitas Co, Jail 71912003 .
949006 ‘ B20001113 . Yakima Co. Jall  7/17/2003
949254 F94862 Sunnyside PD 8/4/2003
949002 Fe4861 Yakima WSP 8/18/2003 -
949010 FO4859 Yakima PD 10/20/2003
949013 B20001124 - Toppenish PD 10/3/2003
949015 F94857 SPARE 8/6/2003
049278 B20001113 . Yakima Co. Jail - 12/12/2003
881077 B20001114 Yakima Tribal PD 10/20/2003

| certify (declare) under penalty of perjury undar the laws of the State of Washington that the
foregoing Is true and correct (RCW 9A.72.086)

—.Mh?“ B A ‘-/ Yakima

Signature Date _ Locatlon Signed {city) .




Datamaster Thermometer Certifications

Location: Chelan, Douglas, Grant ,Okanogan Counties
Technician: Jon Martin

Digital Reference Thermometer 091793

Digital Reference Thermometer certified on 08-14-2003

The following table lists the Datamaster instruments | maintain. Also
listed is the date that the simulator thermometer was certified using a
digitat reference thermometer calibrated by iICL Calibration Labs.
The calibration report shows the computed expanded uncertainties
and meets NIST requirements. The thermometers were certified in
accordance with WAC 448-13-035.

Datamastor Serial # Thermometer Serial # Location Cenrtification Date

" 949017 (G942491 Wenatchee (CCSO) 9/22/2003
949022 G942561 . Ephrata 16/9/2003
949023 F941079 Moses Lake PD 9/24/2003
949033 G942486 Quincy PD 0/24/2003
949037 F94871 Brewster PD 9/24/2003
949046 G942490 Chelan PD 9/25/2003
949047 B20001158 Twisp PD 10/24/2003
949051 F94107 Grand Coulee PD 9/23/2003
949052 F941074 Royat City PD 10/9/2003
949054 (942556 Okanogan (OCS0Q) 9/25/2003
949059 G942563 E. Wenatchee PD 9/22/2003
949060 B2000968 Oroville PD 11/26/2003
949065 B20001151 Tonasket PD 11/26/2003
949079 B20001173 Wenatchee (CCSQ) 9/22/2003
949085 B20001155 Bridgeport (DCSQO) 9/23/2003
949087 B20001157 Omak PD 9/25/2003
9491382 B20001156 Nespelem 10/24/2003

| certify (declare) under penalty of perjury under the laws of the State of Washington that the

Wendhes , Wb

/ Signature - Date Location Signed (cit})



RECTIVED
AUG 3 ) Zaogr TRACKING NUMBER | DATE OF REQUESY | TIME OF REQUEST

{‘{,ZJ 07/15/04

Washington State Patrol

REQUEST FOR PUBLIC RECORDSy ;

ESTE
Name: GARTH DANQO /GARTH DANQO & ASSOCIATES
Address: 100 E BROADWAY PO BOX 2149
Cily, State, ZIF: MOSES LAKE WA 98837 Phone No.: 509-764-8426

PER CHERYL WILL OBTAIN DATABASE, REPAIR AND MAINTENANCE RECORDSFFTC. ON THE
BREATH TEST WEB SITE. E-MAILS. Ep IS

DATE OF INCIDENT: TIME OF INCIDENT:

08/21/02 FRANKLIN

PARTIES INVOLVED #1: PARTIES INVOLVED #2

KOELZER

INVESTIGATING OFF iCER: BADGE NUMBER: CASE NUMBER: DATAMASTER NUMBER (IF NEEGED):
949025

REQUESTER READ AND SIGN:

| understand that if a list of individuals is provided me by the Washington State
Patrol, it wilt neither be used to promote the election of an official or promote or
cppose a ballot proposition as prohibited by RCW 42.17.130G nor for commercial — i =
purposes or give or provide access to material to others for commercial purposes =PHO_TOGRA, HS
as prohibited by RCW 42.17.260(9). | further understand that requested records RDICE KT S
may be redacted in accordance with RCW 42.17.

| understand that | will be charged _15_ cents per page (20 or more pages) for all
standard letter size copies | desire and that other publications are avaitable at cost.
| understand that records will be mailed and/or available once full paymentis
received by WSP. Any overpayment will not be applied to future requests and will
not be refunded.

Personal checks, cashier's checks, or money orders are the only accepted
payment methods for public disclosure requests. Cash payments will not be
accepted under any circumstances.

REQUESTER'S SIGNATURE

FERCARI 5bl(;‘._KNOZ\E'V‘I;EDG_EMEh.if’fi;.cz)-l-;i-l'lEVIZ_IEASE6!-%;#&5&5&?5 -SMP
DATE OF RELEASE TIME OF RELEASE AMOUNT RECEIVED :
RECIPIENT S SIGNATURE T PUBLIC RECORDS GFFICER SIGNATURE

Loz

EXHIBIT NO.2/L
7-9-0Lf

M. Green

BREATH TEST PROGRAM

3000-372-002 {R 10/03)



EXHIBIT 4

NIST TRACEABILITY DECLARATION

I, Barry K. Logan, declare under penalty of perjury under the laws of the State of Washington
that the following is true and correct:

] am the State Toxicologist authorized under RCW 46.61.506 to approve methods for breath
alcohol testing within the State of Washington.

As early as March 19, 2003, and in no case later than December 12th, 2003, the simulator
solution thermometers used in DataMaster instruments for breath testing in the State of
Washington have been tested and certified against thermometers traceable to standards
maintained by NIST. The uncertainties have been measured and recorded at each level. They are
in compliance with the requirements of NIST traceability. The documents used by the
Washington State Patrol to support NIST traceability are public record and may be found at
www.breathtest.wsp.wa,gov or at the Washington State Patrol Breath Test Section, 811 E.
Roanoke, Seattle, Washington. Additional information can be obtained at (206) 720-3018.

T~

Dr. Barry } Logan, State Toxicologist

Dated: 1 172004

Location: V Seattle WA (city and state)

To drivers and attorneys: This exhibit will be used for your upcoming DOL bearing, as noted on
the encloscd scheduling letter.
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Guliberg, Rod {(WSP)

From: Nelson, Craig [CNELSON@DOL.WA.GOV]
Sent:  Tuesday, July 06, 2004 3:00 PM

To: Guilberg, Rod (WSP)

Cc: Reichert, Robin (WSP); Logan, Barry (WSF); DanPullo, Susan (ATG); UK, Erika (ATG); Moran, Linda (ATG); Ann
Lange; Barbara Peterson; Bob Mullenix; Brad Dahlquist; Brenda Ellis; Denise Lackey; Derek Caplinger; Doug Myhre;
Elizabeth Graham; Elfen Barton; Hank Landis; Irene Haverty; Jennifer Peterson; Jennifer West; Jerry Mitchell; Jim
McNew: Kathleen Jouett; Kathleen O'Brien; Kathryn Koehler; Kevin McConnell; Laura Farris; Leonard English; Lori
Provoe; Marjorie Gregg; Mary Pat Casey; Michael Corry; Michelle Sherls; Sheila Musgrove; Terry Schuh

Subject: RE: Thermometer Certifications Affidavit

The AG's were working on some language last Friday: I didn't like it for a variety of reasons. One
being it didn't follow the exact language of the opinion and I feel that is rather important at this
point. Also, the listed uncertainties are found on the Website documentation but it would be virtually
impossible to attach that documentation to every hearing. therefore suggested the following:

I, Rod Guliberg, under penalty of perjury, declare that the thermometers used in the Datamaster
machines used for BAC breathtests in the state of Washington have been tested against thermometers
traceable to standards maintained by NIST. The uncertainties have been measured and recorded at
each level. The documents used by the Washington State Patrol to support this traceability are public
record and may be found at www.breathtest.wsp.wa.gov.

| haven't heard back from them yet.

----- Qriginal Message-----

From: Rod.Guliberg@wsp.wa.gov [mailto:Rod.Gullberg@wsp.wa.gov]
Sent: Tuesday, July 06, 2004 1:27 PM

To: CNELSON@DOL.WA.GOV

Cc: Robin.Reichert@wsp.wa.gov; Barry.Logan@wsp.wa.gov
Subject: Thermometer Certifications Affidavit

Craig

| understand the language on our. current Thermometer Certification Affidavit is not appropriate in view of the recent
supreme court decision. Did you come up with some proposed language that will be acceptable. We can change the
fanguage and get it to our Technicians for immediate completion. Attached you will find our current affidavits.

Thanks

Rod

et P Fam N A



Message Page 1 of 3

Gullberg, Rod (WSP)
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From: Gullberg, Rod (WSP)
Sent:  Monday, July 19, 2004 3:37 PM

To: Logan, Barry (WSP); 'Ingiis, Shannon (ATGY'
Subject: RE: Legal Challenge
Barry,

| went through our policy manual and found the following references to thermometers. These have been in place at least since
9/13/2002:

1. Page 2 - Completing Repair Forms - reference is made to completing a repair form if a simulator thermometer is replaced, it

mentions recording the serial number of the thermometer
2. Page 6 - QAP Simulator Repair Form - requires recording the thermometer senal number
3. Page 7 of current manual (page 11 of 2002 manual) - Thermometer Certification affidavit - requires recording thermometer

serial number and simulator serial number
4. Page 19 of current manual (page 20 of 2002 manual) - records to be kept regarding simulator thermometer certifications
5. Page 31 of current manual (page 32 of 2002 manual) - specifies "Guth Model 34C" simulator and asks that thermometer serial

number be recorded.
6. Page 36 of current manual (page 37 of 2002 manual) - Thermometer Certification Protocoi - refers to "Guth Model 34C”

simulators and "mercury thermometers”

it seems that approval of the Guth Model 34C simutator would include the approval of the mercury-in-glass thermometer which we
received with the device. These have been the only type of thermometer ever used with the Guth Model 34C simulator. As we
received the simulators, the MIG is the only type capable of being used.

Operator basic and refresher outlines (signed by Dr Logan) refer to ensuring the simulator thermoameter is 34 +/- 0.2 C. These
outlines were developed and approved with the understanding that only the MIG thermometer was being employed.

In August 2, 2001 Dr Logan filed a purpose statement regarding his reasons for amending WAC 448-13-040. He explains why
the range was changed from +/- 0.2 to +/- 0.3. In the explanatory statement he refers to "... the limits of accuracy of the mercury
in glass thermometers used in the breath test equipment,...".

A declaration was prepared and signed by Dr Logan on April 11, 2003 in which it states "..the mercury in glass thermometers
used in this program,...".

An 10C from Dr Logan dated April 19, 2001 states "The mercury in glass thermometers used in Washington'é. Breath Test
Program are bought from a reputabie vendor,... They are the same thermometers used in virtually every other breath test
program...".

The Operato} Refresher Training Exam asks that operators draw a picture of a thermometer and show a correct temperature.
They are expected to draw the mercury in glass thermometer and proper temperature range.

The Operator Basic Outline aiso asks that the student be shown how to draw a picture of the simulator thermometer for court
purposes. This implies only the mercury in glass type thermometer.

At a meeting of the Breath Test Technicians on June 6, 2001, Dr Logan and Sgt Guliberg asked the technicians to perform a
simple experiment comparing the digital reference thermometer to the "mercury thermometer”. Also mentioned in the meeting
notes is "...certifying the giass/mercury thermometers_.."

In an email dated July 12, 2001, Dr Logan explains to Dr Wayne Jones our current practice with simulator thermometers. It states
in part *...the mercury thermometer is between the 34.1 and 33.9.."

Hope this helps.

Red




Gullberg, Rod (WSP)

From: inglis, Shannon (ATG) [Shannonl@ATG . WA.GOV]
Sent: Thursday, July 01, 2004 5:32 PM

To: Logan, Barry (WSP), Nelson, Craig

Cc: Reichert, Robin (WSP); Gullberg, Rod (WSP)
Subject: RE: Todays cases -- and it is bad!

This goes to the issue Seattle lost a couple weeks ago. The city argued the new law
applies to all cases currently being litigated, the judge agreed, but found that the
thermometers hadn't been "approved" prior to June 10 b/c no approving WAC.

————— Original Message—-———-—

From: Barry.Logan@wsp.wa.gov [mailto:Barry.Logan@wsp.wa.gov]

Sent: Thursday, July 01, 2004 3:57 PM

To: Nelscn, Craig

Cc: Robin.Reichert@wsp.wa.gov; Red.Gullberg@wsp.wa.gov; Inglis, Shannon
{ATG)

Subject: RE: Todays cases -- and it is bad!

Craig; Why does 448-13-020 need to be retroactive? Is it your interpretation that the
change in the law is retroactive?

BKL

————— Original Message--——--

From: Nelson, Craig [mailto:CNELSONEDOL.WA.GOV)
Sent: Thursday, July 01, 2004 3:24 PM

To: Reichert, Robkin [WSP}

Subject: RE: Todays cases —- and it is bad!

He just fessed up. He said they were both old cases from before the thermemeter
certificates had been updated with the calibration info (you may recall that E. Washington
was the last, I think, to get theirs done). This is still going to be a major headache. In
addition to the 200 or so we still have, there is probably another 50-75 that the AG's
office have on appeal that will end up getting dumped. Lets see, no seatbelt stops, no
DWLS stops, suppression of all pre june 10 tests because 448-13-020 is not retrocactive, no
prima facie on traceability, etc. You can wave as they go by, but Mirandize them first or
it will be interpreted as a stop. Talk about a bad month!

————— Original Message——-—-

From: Robin.Reichert@wsp.wa.gov [mailto:Robin.Reichert@wsp.wa.gov)
Sent: Thursday, July 01, 2004 3:17 PM

To: CNELSONGEDOL.WA.GOV )

Subject: RE: Todays cases -- and it is bad!

Derek Caplinger on both cases.

Lieutenant Rob Reichert
Implied Consent Section
811 FEast Roanoke Street
Seattle, WA 98102

(206) 720-3019

————— Original Message—-———-

From: Nelson, Craig [mailto:CNELSONGDOL.WA.GOV]
Sent: Thursday, July 01, 2004 3:15 PM

To: Reichert, Robin (WSP)



Subject: RE: Todays cases -- and it is bad!

Yes, it's bad, but not that bad. When this motion began to pick up

speed, I had the breath test section send all cur reference thermometers to ICL
laboratories in Florida. ICL has all the necessary documentation traceable to NIST, and
does determine the uncertainties per the NIST protocol so beloved of Dr. Emory.

The techs then went out and certified all their mercury in glass
thermometers on the DataMasters. At that point, the breath test
section was in compliance with the defense's interpretation of the WAC (the interpretation

with which they prevailed today).

Each technician produced a list of the dates at which they met that compliance for each of
their instruments, and this occurred sometime between June and September 2003 throughout

the state.
These lists are available on the WebDMS site at: - - - —— -

http://breathtest.wsp.wa.gov/SupportDocs/Nist Traceability/ICL%$20Certifi
ed%20Thermometer$2CRecords. pdf

My interpretation, subject to any new motion by the defense, is that any tests after the
dates of that post-ICL recertification is a good test under

Please have people contact Rod Gullberg if they have any questions.

EXL

CPLHPLPLOLPCF PP B LSCBIP LIPSO
Barry K. Logan Ph.D., DABFT

Washington State Toxicologist

Director, Forensic Laboratory Services Bureau
Washington State Patrol

2203 Airport Way 5.

Seattle, WA 58134

Ph: (206) 262 6000
Fx: {206) 262 6018 -

barry. loganBwsp.wa.goev 9T oIS I e i@ I eleL et @ ie el e le i@l Pl il @ L3 &

To: 'Pam Loginsky'; Jeffrey Jahns; Bailey, Barbara (ATG); Smith-Merkulov, Carol {ATG);
Boharski, Jennifer (ATG); Anderson, Jerry {(ATG); Samson, Jchn <catherine@wcsap.org>;
<wwcatty@wwics.com>

Sent: Thursday, July 01, 2004 8:56 AM

Subject: Re: Teodays cases -- and it is bad!

> Does this mean zll BACs before June 10, 2004 are suppressed, or 1is
there
> another date we can use?

> Jeffrey J. Jahns

> Chief Deputy Prosecuting Attorney
> Kitsap County Prosecutor's ©ffice
> 614 Division Street, MS-35
> Port Orchard, WA 98366
> 360-337-4982; 360-337-4949 Fax




Subject: RE: Todays cases -~ and it is bad!

I don't think anybody knew about the case until this morning; I know I didn't. Like T
said, I asked everyone tec hold off. No "mandate™ has been issued by the court so the case
is technically not law yet. who issued the orders?

————— Original Message—-----

From: Robin.Reichert@wsp.wa.gov [mailto:Robin.Reichert@wsp.wa.gov]
Sent: Thursday, July 01, 2004 3:12 PM

To: Barry.Loganlwsp.wa.gov; CNELSON@DOL.WA.GOV

Subject: RE: Todays cases -- and it is bad!

Craig te follow up on Dr. Logan's e-mail, I also noticed that the 2 dismissals/cases that
I reviewed today, the hearings were convened 1-3 weeks before this decision came out
{which was yesterday). 1Is it appropriate for Hearing Officers to take these types of
cases under advisement for 2 or 3 weeks before making their decision? It just caught my
attention that these cases were ruled on after yesterday's Supreme Court decision.

Thanks for clearing this up for me.
RR

Lieutenant Rob Reichert
Implied Censent Section
811 East Roanoke Street
Seattie, WA 98102

{(206) 720-3019

————— Original Message-~—--

From: Logan, Barry (WSP)

Sent: Thursday, July 01, 2004 2:49% PEM
To: Nelson, Craig

Cc: Reichert, Robin (WSP)
Subject: FW: Todays cases -— and it is bad!

Craig; T have seen a couple of dismissals today based on Seattle v Clark-Munoz. I haven't
seen the dates of the offense however on these cases, so I want to be sure we are not
throwing the baby cut with the

bathwater. I believe the examiners need to review the date of the

offense, and cross check that with the date of recertification of the simulator
thermometers to find out whether we truly have a problem under this decision. See
below....

BKL

LA @ 9L @l Sl @l Ol i Pl eI eI e Lo @ Lo Lo e LT T T e
Barry K. Logan Ph.D., DABFT

Washington State Toxicologist

Director, Forensic Laboratory Services Bureau
Washington State Patrol

2203 Airport Way S.

Seattle, WA 58134

Ph: (206) 262 6000
Fx: {206) 262 6018

barry.logan@wsp.wa.gov <><><e<soI>d> a3 <rCr<><> <3< <><>

————— Original Message--—---

From: Logan, Barry (WSP)

Sent: Thursday, July 01, 2004 S:44 AM
Te: 'Inglis, Shannon (ATG)'

Cc: Gullberg, Rod (WSPE)
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[ ROTICE OF | MIL-STD-45662&
| cancerraTron | NOTICE 2
: February 27, 1995
SUPERSEDING
NOTICE -1

20 January 1995
-

MILITARY STANDARD

CALIBRATION SYSTEMS REQUIREMENTS

MIL-STD-45662A, dated 1 August 1388, is hereby canceled.
Future acquisiticns should refer to International Organization
for Standards {ISS! 10812-I., “Quality assurance Requirements for
Measuring Equipment”, Fart 1: “Meteorological Confirmation
System for Measuring Egquipment®; American National Standards
Institure (ANSZ: ‘Naticmal Conference of Standards Laboratories
(NC3L) Z540-1, “General Requirements for Calibration Laboratories
and Measuring and Test Eguipmen:”; or comparable stangdards as

alternatives to MIL-STD-435R62A.

tDoD activities mey obtain cepies of IS0 100i32-1 and
ANST/NCSL Z540-1 from the Standardization Document Order Desk,
750 Robbins Arenue., Building 4D, Philadelphia, PA 19111-5034.
The nrivate sesctor and other Government agencies mayv purchase

copies from the American National Standards Inszituce {ANSI), 11
west 42nd Street, New York, XY 10(G38.i

Preparing activity:

Army -~ M1
Agent: _
08b - SO

(Project QCIC-0003)
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Gistribution i: unlimited.




- MIL-STD-45662A Cancellation : - Page 1 of 2

This is G o ¢ g | e's cache of http://www jjcalibrations.comfimages/Cancel.hfm. I
G o o g | e's cache is the snapshot that we took of the page as we crawled the web.
The page may have changed since that time. Click here for the current page without highlighting.

To link to or bookmark this page, use the following Url: nttp://www. google. com/search?
g=cache:GQOUijwRFMYJ :www. jjcalibrations. com/images/Cancel .htm+$22MIL-STD+45662R%225hl=ensie=0UTF-6

Google is not affiliated with the authors of this page nor responsible for its contenr.

]" These search terms have been highlighted: mil std 45662a , ]J

THE OFFICIAL CANCELLATION OF MIL-STD-45662A

MIL-STD-45662A
NCTICE 2
February 27, 1995
SUPERSEDING
NOTICE 1

20 January 1885

MILITARY STANDARD
CALIBRATION SYSTEMS REQUIREMENTS

MIL-STD-45662A, dated 1 August 1988, is hereby canceled. Future acquisitions should
refer to International Organization for Standards (1ISO) 10012-1, "Quality Assurance
Requirements for Measuring Equipment,” Part 1: "Meteorological Confirmation System
for Measuring Equipment;" American National Standards Institute {ANSH /National
Conference of Standards Laboratories (NCSL) Z540-1, "General Requirements for
Cadlibration Laboratories and Measuring and Test Equipment;™ or comparable
standards as alternatives fo MIL-STD-45662A.

(DoD activities may obtain copies of ISO 10012-1 and ANSI/NCSL 2540-1 from the
Standardization Document Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia,
PA 19111-5094. The private secior and other Government agencies may purchase
copies from the American National Standards Insfitute {ANSI), 11 West 42nd Street,
New York, NY 10036.)

Preparing activiiy:
Army - MT

Agent:
0sSD - SO

{Project QCIC-0003)
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Consuling & Trsining Sokions
150 9001 & 14001 Resstered Co

| Training Offered -

QS-8000 O\_ferview
Intemal Auditor
Training

Advanced Product
Quality Planning
(APQP)

Business Operating
System (BOS)

Cost of Quality (COQ)

Failure Mode Effects
Analysis (FMEA)

Control Plan
Methodology (CP).

Customer Satisfaction

Lean Systems
Workshop

Six Sigma Greenbelt
Training
Implementation
Workshop

Process Flowcharting
Workshop

Production Part
Approval Process
{PPAP)

Strategic Business
Planning Workshop

Statistical Process -
Control (SPC)

Measurement Systems
Analysis/Gage R & R
{(MSA)

. Business Cperating

System (BOS)

Team Oriented
Problem Solving (8D)

RAB QMS Auditor
Training

Fage 1 of 3

EXHIBIT NO. z

§-4~0

. M. Green

QS-9000

Quality System Requirements QS-9000 was deveiog
by the Chrysier, Ford, and General Motors Supplier
Quality Requirements Task Force. Previously, each
company developed their own expectations for supplie
quality systems and the corresponding assessment
documents. The standard is presently in its third editic

Update #1: The latest version of the Sanctioned
Interpretations have come out and are dated July of 2C

Update #2: Under special Agreement with the
Internationai Organization for Standardization to aliow
QS-9000 to continue to use the SO 9001:1994 standa
through December of 2006. information from the Big &
on how.they will handle 3rd party registrations and the
expiration of those registrations will be published in fub
interpretations. This information came from the AIAG
April of 2002.

Note: Most QS-9000 companies will have to make the
transition to the new lntematlonal specification ISO/TS
16949,

Update #3: Again from AIAG in April 2002, The
requirement of suppliers to be reg:stered to ISO 8001
equivalent by December 31, 2002 is still a requirement
and at this time the Task Force has no intension of
extending the date. :

In 1988, the Purchasmg and Supply Vice Presidents ¢
these companies chartered the Task Force to
standardize reference manuals, reporting formats, and
technical nomenclature. Since then, the Task Force hi -
published a number of standards and reference
manuals. These have been well received by the supp!
community and their success served to encourage
additional efforts.

The standardized manuais are: 7

Production Part Approval Process (PPAI
Statistical Process Control (SPC)
Advanced Product Quality Planning and
Control Plan (APQP)

Measurement System Analysis (MSA)
Potential Failure Mode and Effects
Analysis (FMEA)

g ol

There are additional publications that support the QS-

4%




"Déscription of QS-9000
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8000 standard. These include:

] IASG Sanctioned QS-9000 Interpretation:
used to keep the standard up-to-date betwe
publications.

(] Quality System Assessment (QSA)

= Business Operating Systems {(BOS)

1SO 8001:1994 and its 137 *SHALL" requirements is ti
underlying base for the QS-9000 requirements.
However, the additional requirements of QS-2000
expand the “SHALLS’ to a total of 383 requirements th
must be addressed by organizations that conduct
business with the North American automotive industry.

Intent

The intent of Quality System Requirements QS-900(
the deveiopment of one common fundamental quafity
system that provides for continuous improvement,
emphasizing defect prevention and the reduction of
variation and waste in the supply chain.

Applicability

QS-2000 applies to all internal and external supplier sif
of Producticn Materiais, Production or Service Parts,
Heat-treating, Painting, Plating or other Finishing
Services directly to OEM customers subscribing to this
document.

Outlook

The International Automotive Task Force (IATF) and
ISO/TC 176 have introduced a new global standard,
ISO/TS 16949, which is expected to replace the QS-9(
standard. It is intended that organizations that already
have QS-8000 certification will gradually adopt the
additional requirements of ISO/TS 16949 and upgrade
the certification during regular surveiliance audits. Alst
see ISO/TS 16249, : ‘

Contact Eagle Group for more information

Eagle Group USA, Inc.

50 West Big Beaver Rd., Suite 130, Troy, Ml 48084
Phone Toll Free: 800-508-2044

Phone: 248-355-4421 =

Fax: 248-355-4623

Customer Support.clientservices@eaglegroupusa.com
Eagle Group Employee email addresses

Send mail to Webmaster@eaglegroupusa.com with questions or comments about this web site.
Copyright © 2002 Eagle Group USA, Inc.

Last modified: 09/25/03

Eagle Group is a full spectrum training and consuiting organization that is registered to IS0 9001 and SO 14001. We specialize in designing and
providing solutions to impiement ISO 9001, QS-8000, TE Supplement, ISO/TS 16949, Q1, ISO 14001, RC 14001 (Responsible Care), J4001, AS 9000,

AS8100, ISONEC 17025, OHSAS 18001, LO-OSH, TL 9000, FS 9000, Maicolm Baldrige and TQM inifiatives. Training includes: RAB Accredited QMS 4%%



- LDé'scription of QS-9000 ' Page 3 of 3

& EMS Lead Auditor, Intemal Quality Auditar, EMS Implementation, APQP, PPAP, FMEA, MSA, SPC, 8D, R & M Tools, QOS/BOS, AQP-TE, Six
Sigma and Lean System. .

We proudiy serve the United States and the World! {Alabama, Alaska, Arizona, Arkansas, Califomia, Celorado, Connecticut, Delaware, Slorida,
Georgia, Hawail, Idaho, liindis, Indiana, lowa, Kansas, Kentucky, Louisiana, Maine, Maryland, Massachusetts, Michigan, Minnesota. Mississippi,
Missouri, Montana, Nebraska, Nevada, New Hampshire, New Jersey, New Mexico, New York, North Carolina, North Dakota, Ohio, Ckiahoma, QOragan,
Pennsylvania, Rhode Isiand, South Carofina, South Dakota, Tennessee, Texas, Utah, Vermont, Virginia, Washingion, West Virginia, Wisconsin, and
VWyoming} :

We also serve the world, please contact us for more info,

IS0 9004, 1ISO 9000, OHSAS 18001, OHSAS 18002, 6 g, & sigma, Respbnsible Care 14001;

Respopsible Care® 14001, Green belt, Responsible Care Management System, RCMS, ISO
19011, ILO-OSH 2001 Guidelines on occupational safety and health management systems,
black belt, ISOC 10007, COP, Turtie Diagram, Process Audit, Customer Satisfaction, Customer-
oriented process, The Automotive Process Approach to Auditing, Ford, GM, DaimlerChrysier,
IS0 16949, ISO/TS 16948, 16948, AS 9100, ASS000, 8D, Team Problem Solving, AS9102,
ASS103, Lean Manufacturing :

fruod
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